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Devwudfw
Li vwrfn sulfhv iroorzhg d udqgrp zdon/ xqfhuwdlqw| derxw ixwxuh vwrfn
sulfhv zrxog eh vr juhdw wkdw wkh revhuyhg eldv wrzdugv htxlwlhv lq orqj0
whup lqyhvwphqw sruwirolrv zrxog eh vxusulvlqj1 Wkh jrrg qhzv lv wkdw
li/ dv d jurzlqj erg| ri uhvhdufk vxjjhvwv/ wkhuh lv hyhq d zhdn whqghqf|
iru vwdwlrqdu| ydoxdwlrq lqglfdwruv wr suhglfw ixwxuh vwrfn sulfhv/ orqj0uxq
uhwxuqv fdq ehfrph pdunhgo| pruh suhglfwdeoh1 Zh looxvwudwh wklv lq d
frlqwhjudwlqj YDU/ zlwk Wrelq*v t dv rqh ri wkh frlqwhjudwlqj uhodwlrqv1
Wkh edg qhzv lv d fruroodu| ri wkh jrrg qhzv= t dqg prvw rwkhu lqglfdwruv
srlqw wr pdvvlyh ryhuydoxdwlrq dw hqg04<<:/ dqg khqfh wkh survshfw ri zhdn
vwrfn sulfhv zhoo lqwr wkh qh{w fhqwxu|1
Zh wkdqn Dqguhz Vplwkhuv iru wkh fuxfldo uroh kh sod|hg lq vwlpxodwlqj dqg khoslqj wr
ghyhors wklv uhvhdufk1 Zh duh judwhixo wr Vplwkhuv ) Fr/ dqg Dueru Wudglqj/ Fklfdjr/ iru
surylvlrq ri gdwd1 Zh dovr wkdqn Vwhyh Vdwfkhoo dqg \rqjfkhro Vklq iru khosixo glvfxvvlrqv1
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41 Lqwurgxfwlrq
Krz ulvn| duh vwrfnv dqg vkduhv dv orqj0whup lqyhvwphqwvB
Lq wkh wh{werrn h!flhqw pdunhw/ wkh dqvzhu lv d idluo| vlpsoh rqh1 Kdylqj
lghqwlhg dq h!flhqw pdunhw sruwirolr/ wkh uhwxuq rq wklv sruwirolr zloo eh d udq0
grp yduldeoh/ lqqrydwlrqv wr zklfk zloo eh ruwkrjrqdo wr wkh dydlodeoh lqirupdwlrq
vhw1 Wkh ulvnlqhvv ri wklv uhwxuq lv fdswxuhg e| lwv dvvrfldwhg lqvwdqwdqhrxv yrodwlo0
lw|/ j/ zklfk fdq/ zlwk prghvw gl!fxow|/ eh hvwlpdwhg iurp dydlodeoh gdwd1 Wkh
yduldqfh ri wkh uhwxuq ryhu dq| jlyhq krul}rq  zloo wkhq eh wkh surgxfw ri  dqg
j21 Li j lv wlph0ydu|lqj/ wkh surfhgxuh lv whfkqlfdoo| vrphzkdw pruh frpsolfdwhg/
exw lv hvvhqwldoo| wkh vdph1
Wr prvw sudfwlwlrqhuv 0 vwrfneurnhuv/ shqvlrq ixqg pdqdjhuv ru wkh olnh 0 wkh
dqvzhu dovr dsshduv idluo| vlpsoh1 Wkh frqvhqvxv ylhz 0 dv hylghqfhg erwk e| zrug
dqg ghhg 0 lv wkdw dq| lqyhvwphqw sruwirolr zlwk d orqj0uxq rulhqwdwlrq vkrxog kdyh
d vwurqj eldv wr htxlwlhv1 Wkh sursruwlrq ri vwrfnv khog e| d w|slfdo shqvlrq ixqg
XV kdv ehhq uxqqlqj dw durxqg :3( lq uhfhqw |hduv14 Vkloohu +4<<;, dqg Nrq0\d/
Wvxwvxl dqg Vkloohu +4<<;, uhsruw vxuyh| hylghqfh wkdw wklv ehkdylrxu dsshduv
wr eh frqvlvwhqw zlwk wkh ylhzv ri erwk lqyhvwphqw surihvvlrqdov dqg zhdowk|
lqyhvwruv1 Wkh dvvxpswlrq wkdw vwrfnv duh wkh grplqdqw orqj0uxq dvvhw kdv ehhq
ghihqghg/ prvw hylghqwo| lq wkh zrun ri Vlhjho +4<<7,/ qrw mxvw rq wkh idploldu
jurxqgv ri vxshulru uhwxuqv/ exw dovr rq wkh jurxqgv ri uhodwlyh suhglfwdelolw|1
Frpsdulqj uhwxuqv rq vwrfnv/ erqgv dqg eloov ryhu qhduo| 533 |hduv ri XV gdwd/
Vlhjho vxjjhvwv wkdw wkh ghjuhh ri xqsuhglfwdelolw| ri vwrfn pdunhw uhwxuqv lv eduho|/
li dw doo/ juhdwhu wkdq wkdw ri erqgv dqg eloov/ ryhu lqyhvwphqw krul}rqv ri wzhqw|
wr wkluw| |hduv1
Zklovw wkhvh wzr dqvzhuv pljkw lq sulqflsoh eh pxwxdoo| frqvlvwhqw/ wkh| duh
yhu| kdug wr uhfrqfloh rq wkh edvlv ri dydlodeoh revhuydwlrqv ri dfwxdo vwrfn pdu0
nhwv1 Wkh sureohp/ lq hvvhqfh/ lv wkdw dq| uhdvrqdeoh hvwlpdwh ri j/ ihg lqwr d
udqgrp zdon vwrfn pdunhw/ lpsolhv uhwxuqv zklfk zrxog vhhp wr eh vlpso| wrr
ulvn| wr eh frqvlvwhqw zlwk wkh sudfwlrqhuv* ylhz1 Wr looxvwudwh wklv zlwk d vlpsoh
vwdwlvwlf= li uhdo uhwxuqv duh qrupdoo| glvwulexwhg durxqg wkhlu klvwrulf phdq/ wkh
udqgrp zdon prgho zrxog lpso|/ jlyhq klvwrulf dyhudjh ydoxhv ri j/ wkdw ryhu d
wzhqw| |hdu krul}rq wkhuh lv d suredelolw| ri ryhu 63( wkdw dq lqyhvwru lq wkh XV
4Hvwlpdwh ghulyhg dv +frusrudwh htxlwlhv soxv pxwxdo ixqg vkduhv,2 +wrwdo qdqfldo dvvhwv ohvv
plvfhoodqhrxv dvvhwv,/ iru sulydwh shqvlrq ixqgv/ dv ri hqg04<<: +Vrxufh= Ihghudo Uhvhuyh/ 4<<:/
Wdeoh O44<1
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vwrfn pdunhw zloo uhdolvh d uhdo fdslwdo orvv15 Wklv ghjuhh ri xqfhuwdlqw| fhuwdlqo|
dsshduv lqfrqvlvwhqw zlwk Vlhjho*v +rs flw, fodlpv> lw zrxog dovr eh vxusulvlqj li
sudfwlwlrqhuv kdg vxfk d vwurqj suhihuhqfh iru vwrfnv li wkh| shufhlyhg wkhp wr
eh dv ulvn| dv wklv/ hvshfldoo| jlyhq wkh idfw wkdw lq uhfhqw |hduv lw kdv ehfrph
srvvleoh wr dfklhyh uhvshfwdeoh/ dqg hqwluho| vdih orqj0krul}rq uhwxuqv/ yld lqgh{hg
erqgv1
Exw d jurzlqj erg| ri olwhudwxuh kdv lq uhfhqw |hduv fdvw grxew rq wkh udqgrp
zdon uhsuhvhqwdwlrq ri h!flhqw pdunhwv1 Vkloohu+4<;4, lqlwldwhg d olwhudwxuh zklfk
vxjjhvwv wkdw erwk vwrfnv dqg erqgv duh h{fhvvlyho| yrodwloh lq uhodwlrq wr wkh
xqghuo|lqj xqfhuwdlqw| ri wkhlu ixqgdphqwdov> 6 yduldqfh udwlr whvwv kdyh vxjjhvwhg
wkdw orqj0krul}rq yduldqfhv duh orzhu wkdq wkh udqgrp zdon prgho zrxog suhglfw
+Srwhued ) Vxpphuv/ 4<;;,> dqg d zlgh erg| ri uhvhdufk kdv vkrzq wkdw wkhuh
lv d ghjuhh ri suhglfwdelolw| lq vwrfn pdunhw uhwxuqv/ hvshfldoo| ryhu orqj krul}rqv
+Euhhq/ Jorvwhq ) Mdjdqqdwkdq +4<;<,> Mhjdghhvk +4<<3,> Ehndhuw ) Krgulfn
+4<<5,> Dpphu ) Fdpsehoo +4<<6,> Fkldqj/ Olx ) Rnxqhy +4<<8,> Shvdudq )
Wlpphupdqq +4<<8,> Fdpsehoo ) Vkloohu +4<<;,,17
Pxfk ri wkh hylghqfh iru suhglfwlyh srzhu kdv dulvhq iurp wkh delolw| ri ydulrxv
ydoxdwlrq phdvxuhv wr suhglfw +li rqo| zhdno|, vxevhtxhqw vwrfn pdunhw uhwxuqv1
Wklv sdshu vkrzv wkdw/ xqghu fhuwdlq frqglwlrqv dqg flufxpvwdqfhv/ h{sorlwlqj wkh
suhglfwlyh srzhu ri d zhoo0fkrvhq ydoxdwlrq fulwhulrq fdq vljqlfdqwo| uhgxfh wkh
xqfhuwdlqw| dvvrfldwhg zlwk orqj0uxq vwrfn pdunhw uhwxuqv1 Zh dvvxph wkdw dq|
xvhixo ydoxdwlrq fulwhulrq fdq eh h{suhvvhg dv wkh udwlr ri wkh vwrfn sulfh wr vrph
phdvxuh ri wkh ixqgdphqwdo1 Li vwrfn sulfhv duh yrodwloh +srvvleo| h{fhvvlyho| vr,/
exw kdyh d whqghqf|/ krzhyhu zhdn/ wr uhyhuw wrzdugv d ixqgdphqwdo zklfk pd|
eh hdvlhu wr suhglfw/ dw ohdvw vrph ri wkh suhglfwdelolw| ri wkh ixqgdphqwdo zloo eh
sdvvhg rq wr vwrfn sulfhv1 Wkh xqfrqglwlrqdo yrodwlolw| ri vwrfn uhwxuqv zloo wkxv
ryhuvwdwh xqfhuwdlqw| ryhu orqj krul}rqv 0 srvvleo| vljqlfdqwo| vr1
Iru uhdvrqv h{sdqghg rq lq d odwhu vhfwlrq zh rsw iru d ydoxdwlrq fulwhulrq
zklfk kdv qrw wkxv idu uhfhlyhg pxfk dwwhqwlrq 0 Wrelq*v t18 Xvlqj ^ dv d frlqwh0
5Dw fxuuhqw ohyhov ri wkh glylghqg |lhog/ d }hur uhdo fdslwdo jdlq zrxog lpso| d wrwdo uhdo uhwxuq
urxjko| htxlydohqw wr wkh klvwrulf dyhudjh uhdo uhwxuq rq wuhdvxu| eloov1 Qrwh wkdw wkh zlghqlqj
ri iruhfdvw yduldqfh lv zruvhqhg ixuwkhu rqfh doorzdqfh lv pdgh iru sdudphwhu xqfhuwdlqw| lq wkh
guliw 0 vhh Vhfwlrq 7181
6Wklv qglqj dsshduv wr eh urexvw wr txdolfdwlrqv ri Vkloohu*v ruljlqdo phwkrgrorj| 0 vhh
GhErqgw ) Wkdohu +4<;8,> Fkrsud/ Odnrqlvkrn ) Ulwwhu +4<<5,1
7Iru dq h{fhoohqw vxuyh| ri wklv hog/ vhh Fkdswhuv 4/5 dqg : ri Fdpsehoo/ Or dqg PdfNlqod|
+4<<:,1
8Dq h{fhswlrq lv Nrsfnh+4<<:,/ exw wkhuh lv dovr dq reylrxv olqn zwk wkh xvh ri errn0
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judwlqj uhodwlrq lq d yhfwru dxwruhjuhvvlyh uhsuhvhqwdwlrq/ zh vkrz wkdw frqghqfh
lqwhuydov lq suhglfwlqj orqj0uxq vwrfn pdunhw uhwxuqv fdq eh yhu| vljqlfdqwo| uh0
gxfhg/ frpsduhg wr wkrvh iurp d vlpsoh udqgrp zdon prgho/ wr wkh h{whqw wkdw
wkh sudfwlwlrqhuv* suhihuhqfh iru htxlwlhv ehfrphv xqghuvwdqgdeoh/ lq qrupdo flu0
fxpvwdqfhv1 Wklv lv wkh jrrg qhzv derxw orqj0uxq vwrfn pdunhw uhwxuqv1
Wkh edg qhzv derxw orqj0uxq vwrfn pdunhw uhwxuqv lv d fruroodu| ri wkh jrrg
qhzv1 Wrelq*v t +dqg rwkhu ydoxdwlrq fulwhuld, khos uhgxfh xqfhuwdlqw| derxw vwrfn
pdunhw uhwxuqv e| wkhlu delolw| wr suhglfw deryh0dyhudjh uhwxuqv zkhq ^ lv ehorz
dyhudjh/ dqg ehorz0dyhudjh uhwxuqv zkhq lw lv deryh dyhudjh1 Dv ri hqg04<<:/
wkh odwwhu zdv wkh uhohydqw fdvh= lqghhg ^ lqglfdwhg d ghjuhh ri ryhuydoxdwlrq
frpsdudeoh rqo| wr wkdw vhhq ehiruh wkh fudvk ri odwh04<5<1 Wkh lpsolfdwlrq lv
wkdw/ hyhq diwhu dgmxvwlqj iru erwk sdudphwhu dqg prgho xqfhuwdlqw|/ wkhuh lv d
kljk suredelolw| ri d fxpxodwlyh uhdo ghfolqh lq wkh vwrfn pdunhw ryhu wkh uvw
ghfdghv ri wkh 54vw Fhqwxu|1
51 Fdq Vwrfn Pdunhwv eh YdoxhgB
Wkh qrwlrq wkdw pdunhwv fdq eh ydoxhg pxvw/ li lw lv wr eh dw doo lqwhuhvwlqj/
lpso| wkh srvvlelolw| wkdw wkh| fdq dw wlphv eh ryhu0 ru xqghuydoxhg1 Wklv lq
wxuq pxvw/ ri qhfhvvlw| lpso| d uhmhfwlrq ri dw ohdvw wkh vhpl0vwurqj yhuvlrq ri wkh
udqgrp zdon uhsuhvhqwdwlrq ri wkh h!flhqw pdunhwv k|srwkhvlv +wkdw vwrfn sulfh
lqqrydwlrqv duh ruwkrjrqdo wr sxeolfo| dydlodeoh lqirupdwlrq,1
Wkh frqfhsw ri wkh h!flhqw pdunhw zklfk xqghuolhv wkh udqgrp zdon uhsuhvhq0
wdwlrq ghqhv d zruog lq zklfk pdunhwv duh dozd|v/ e| ghqlwlrq/ idluo| ydoxhg/
jlyhq wkh lqirupdwlrq vhw dydlodeoh wr sduwlflsdqwv lq wkh pdunhw1 Lq vxfk d zruog
lw zrxog ri frxuvh eh srvvleoh lq sulqflsoh wr fodlp wkdw d pdunhw zdv xqghu0 ru
ryhuydoxhg/ exw vxfk d fodlp zrxog eh ri qr sudfwlfdo xvh1 Jlyhq wkh xvxdo h!flhqw
pdunhw dvvxpswlrqv/ dq| lqirupdwlrq derxw wkh ixwxuh uhohydqw wr pdunhw sulfhv
vkrxog douhdg| eh lqfrusrudwhg lq wkrvh sulfhv1 Ydoxdwlrq ri d pdunhw pxvw/ li lw
lv wr eh ri dq| sudfwlfdo xvh/ lpso| vrphwklqj derxw wkh ixwxuh ri wkdw pdunhw1
Li lw lv doohjhg wkdw d pdunhw lv/ iru h{dpsoh/ ryhuydoxhg/ wklv pxvw lpso| d suh0
glfwlrq wkdw/ ryhu vrph krul}rq/ uhwxuqv duh jrlqj wr eh vxeqrupdo1 Fohduo|/ wklv
fdqqrw eh frqvlvwhqw zlwk wkh udqgrp zdon k|srwkhvlv19 D vlpsoh h{dpsoh khosv
wr0pdunhw udwlrv lq wkh furvv0vhfwlrqdo h{fhvv uhwxuq olwhudwxuh lqlwldwhg e| Idpd dqg Iuhqfk
+4<<5,1
9Lq Vhfwlrq : zh glvfxvv zkhwkhu lw fdq eh frqvlvwhqw zlwk d ohvv uhvwulfwlyh frqfhsw ri
h!flhqf|1
8
wr looxvwudwh wklv srlqw/ dqg eulqj rxw wkh fuxfldo hpslulfdo fkdudfwhulvwlfv ri dq|
xvhixo lqglfdwru 1
Vxssrvh wkdw vrph ydoxdwlrq fulwhulrq/ T lv sursrvhg/ zklfk lv fodlphg wr
eh dq lqglfdwru ri zkhwkhu wkh vwrfn pdunhw lv ryhuydoxhg/ dqg wkdw wklv udwlr
fdq eh h{suhvvhg dv wkh udwlr ri wkh uhdo vwrfn sulfh  / wr dq lqglfdwru ri zkdw
+zlwkrxw qhfhvvdulo| lpso|lqj dq| yhu| ghhs phdqlqj wkhuhe|, zh vkdoo uhihu wr dv
wkh ixqgdphqwdo/ 8 Wklv fkdudfwhulvwlf lv fhuwdlqo| vkduhg e| prvw frpprqo|
xvhg ydoxdwlrq fulwhuld/ dqg/ lqghhg/ zrxog dsshdu wr eh d fuxfldo surshuw|/ li
wkhuh lv dq| lqwhqwlrq wr txdqwli| wkh ghjuhh ri ryhuydoxdwlrq1 Vxssrvh ixuwkhu
wkdw wkh wzr xqghuo|lqj vhulhv fdq eh jlyhq wkh iroorzlqj orj0olqhdu uvw rughu huuru
fruuhfwlrq uhsuhvhqwdwlrq +zlwk orzhu fdvh ohwwhuv uhsuhvhqwlqj orjv ri xqghuo|lqj
vhulhv,=
{R| ’ kJ n k |3 n 0
R
| +514,
{s| ’ qJ n q |3 n 0
s
| +515,
Lq vxfk d uhsuhvhqwdwlrq/  E R|3s|3 lv wkh frlqwhjudwlqj uhodwlrq ehwzhhq
wzr qrq0vwdwlrqdu| vhulhv/ R dqg s 1 Li erwk vhulhv frqwdlq d vlqjoh xqlw urrw/ d qhf0
hvvdu| frqglwlrq/ wkhuhiruh/ iru T wr eh d xvhixo ydoxdwlrq fulwhulrq/ lv wkdw lw pxvw
eh d vwdwlrqdu| surfhvv1 Wklv lv krzhyhu qrw d vx!flhqw frqglwlrq1 Vwdwlrqdulw| ri
/ dqg khqfh frlqwhjudwlrq ri R dqg s / frxog lq sulqflsoh eh srvvleoh lq dq h!flhqw
pdunhw/ li k htxdoohg }hur1 Lq wklv fdvh/ wkh vwrfn sulfh zrxog eh dq lqghshqghqw
udqgrp zdon/ dqg wkhuh zrxog eh rqh zd| Judqjhu Fdxvdolw| iurp wkh vwrfn sulfh
wr wkh ixqgdphqwdo1 T zrxog vlpso| eh dq lqglfdwru ri ixwxuh fkdqjhv lq 8 /
dqg zrxog qrw eh d xvhixo ydoxdwlrq fulwhulrq1 Wkh vhfrqg fuxfldo frqglwlrq iru
dq| xvhixo fulwhulrq pxvw wkhuhiruh eh wkdw lw pxvw Judqjhu0Fdxvh wkh vwrfn sulfh
0 lq wkh deryh uhsuhvhqwdwlrq/ k pxvw eh qrq0}hur1 Wkh qhfhvvdu| olqn ehwzhhq
wkh xvh ri dq| ydoxdwlrq fulwhulrq dqg uhmhfwlrq ri wkh udqgrp zdon k|srwkhvlv lv
wkhuhiruh fohdu0fxw1:
:Wklv dujxphqw lv lq hvvhqfh yhu| vlplodu wr wkdw ri Fdpsehoo dqg Vkloohu +4<<;,/ wkrxjk
wkh dujxphqw lq wkdw sdshu lv qrw frxfkhg lq whupv ri frlqwhjudwlrq1 Lw lv qrw rxu lqwhqwlrq lq
wklv sdshu wr surylgh d udwlrqdoh iru vxfk d uhmhfwlrq ri wkh udqgrp zdon k|srwkhvlv +dowkrxjk
ehorz/ lq Vhfwlrq :/ zh glvfxvv vrph srvvleoh h{sodqdwlrqv,1 Dw wklv vwdjh zh vlpso| wdnh wkh
qrw lqfrqvlghudeoh hpslulfdo hylghqfh ri wkh olplwdwlrqv ri wkh udqgrp zdon prgho dv jlyhq/ dqg
qrwh wkh qhfhvvdu| olqn ehwzhhq dq| sursrvhg ydoxdwlrq fulwhulrq dqg wkh fhqwudo lpsolfdwlrq ri
wklv olwhudwxuh1
9
Wkhuh lv d wklug fkdudfwhulvwlf zklfk/ zklovw qrw vwulfwo| hvvhqwldo/ lv fohduo|
ghvludeoh1 Dq| xvhixo ydoxdwlrq fulwhulrq vkrxog lghdoo| kdyh d ixqgdphqwdo zklfk
lv vprrwk= wkdw lv/ lw vkrxog eh hdv| wr iruhfdvw/ prvw hvshfldoo| ryhu orqj
krul}rqv1 Zh glvfxvv wklv fkdudfwhulvwlf lq pruh ghwdlo ehorz/ lq Vhfwlrq 7181
Jlyhq wkh olplwdwlrqv ri hpslulfdo hylghqfh/ krzhyhu/ lw lv dovr yhu| lpsruwdqw
wkdw zh vkrxog eh deoh wr mxvwli| dq| ydoxdwlrq fulwhulrq rq wkhruhwlfdo jurxqgv1
Dq dwwudfwlrq ri rxu fkrvhq lqglfdwru/ Wrelq*v ^/ lv wkdw/ dv zh vkrz ehorz/ lw qrw
rqo| vdwlvhv wkh wzr hpslulfdo surshuwlhv sursrvhg deryh +dqg vxusulvlqjo| ihz
ri wkh frpprqo| sursrvhg dowhuqdwlyh ydoxdwlrq fulwhuld dfwxdoo| gr,/ exw lv dovr
dujxdeo| wkh prvw urexvw/ dqg ehvw jurxqghg/ lq wkhruhwlfdo whupv1
61 Wrelq*v ^ dv d Ydoxdwlrq Fulwhulrq
6141 Wkh Udwlrqdoh iru Wrelq*v t
Rqh dwwudfwlrq ri wkh xvh ri Wrelq*v t dv d ydoxdwlrq fulwhulrq lv lwv jhqhudolw|1
Dv ruljlqdoo| irupxodwhg lq Wrelq +4<9<,/ wkh udwlrqdoh iru phdq uhyhuvlrq ri t
lv hvvhqwldoo| d orqj0uxq duelwudjh uhodwlrqvkls= d ghyldwlrq ri t iurp lwv htxlole0
ulxp ydoxh +zklfk vkrxog lq wkhru| eh xqlw|, lpsolhv wkdw wkh uhwxuqv rq h{lvwlqj
fdslwdo/ sxufkdvhg lq wkh vwrfn pdunhw/ glhu iurp wkrvh rq qhz fdslwdo1; Zklovw
vxevhtxhqw uhvhdufk kdv odujho| irfxvhg rq lqyhvwphqw lq {hg fdslwdo dv wkh phfk0
dqlvp zklfk h{sorlwv wklv duelwudjh rssruwxqlw|/ wkh duelwudjh frqglwlrq lwvhoi/ olnh
doo duelwudjh frqglwlrqv/ lv lqghshqghqw ri wkh phfkdqlvp zklfk eulqjv lw derxw1
Dv dq duelwudjh uhodwlrqvkls/ t lv dujxdeo| ri pruh jhqhudo dssolfdelolw|/ lq
sulqflsoh/ wkdq wkh wzr pruh frpprqo| xvhg ydoxdwlrq fulwhuld= wkh sulfh0hduqlqjv
pxowlsoh dqg wkh glylghqg |lhog1 Zklovw erwk kdyh ehhq vkrzq wr kdyh suhglfwlyh
srzhu iru vwrfn sulfhv rq dydlodeoh klvwrulf gdwd/ dqg erwk fdq dovr eh ghihqghg
rq wkhruhwlfdo jurxqgv/ wkhvh duh dujxdeo| qrw dv urexvw dv lv wkh udwlrqdoh iru t1
D fhqwudo dvvxpswlrq xqghuo|lqj wkh xvh ri erwk wkh glylghqg |lhog dqg wkh
S2H pxowlsoh +dqg khqfh/ e| lpsolfdwlrq/ lwv uhflsurfdo/ wkh hduqlqjv |lhog, lv
wkdw wkh h{shfwhg uhwxuq ri wkh uhsuhvhqwdwlyh lqyhvwru lv d vwdwlrqdu| surfhvv1
Wklv dvvxpswlrq/ zklovw lw pd| dsshdu wr kdyh vrph hpslulfdo irxqgdwlrq/ lv
qrqhwkhohvv d vwurqj rqh1 Lq dgglwlrq li hduqlqjv dqg glylghqgv duh L+4, surfhvvhv/
wklv zloo lpso| wkdw erwk wkh glylghqg |lhog dqg wkh S2H zloo dovr eh vwdwlrqdu|
+Fdpsehoo/ Or dqg Pdfnlqod|/ 4<<:,1
;Lq sulqflsoh wklv lv d pdujlqdo uhodwlrqvkls/ exw Kd|dvkl +4<;5, vkrzv wkdw xqghu uhdvrqdeoh
frqglwlrqv dyhudjh dqg pdujlqdo t zloo frlqflgh1
:
Iru wkh S2H pxowlsoh/ hpslulfdo hylghqfh dsshduv frqvlvwhqw zlwk erwk dv0
vxpswlrqv +Fdpsehoo ) Vkloohu +4<<;,/ Vlhjho +4<<7,<,> exw/ orjlfdoo|/ d shupd0
qhqw fkdqjh lq wkh glvfrxqw udwh zrxog lpso| d shupdqhqw fkdqjh lq wkh S2H1
Wkh glylghqg |lhog fdq eh vxemhfwhg wr wkh vdph fulwlflvp/ exw lwv vwhdg|0vwdwh
ydoxh zloo lq dgglwlrq eh dhfwhg e| fkdqjhv lq wkh sd|rxw udwlr 0 wklv dgglwlrqdo
idfwru lqghhg dsshduv wr kdyh ehhq ri vrph lpsruwdqfh qrw rqo| lq wkhru| exw
dovr hpslulfdoo|143
Lq frqwudvw/ vwdwlrqdulw| ri t uhtxluhv plqlpdo dvvxpswlrqv derxw wkh qdwxuh
ri htxloleulxp= lw vlpso| lpsolhv d vwhdg|0vwdwh uhodwlrqvkls ehwzhhq wzr udwhv ri
uhwxuq/ zlwkrxw uhtxlulqj dq| nqrzohgjh ri wkh vwhdg|0vwdwh ydoxhv ri wkh uhwxuqv
wkhpvhoyhv1
6151 Gdwd
Ixoo ghwdlov ri gdwd frqvwuxfwlrq duh surylghg lq Dsshqgl{ D1 Zh kdyh d frqvlvwhqw
vrxufh iru doo gdwd iurp 4<78 wr 4<<:/ lq wkh  rz ri ixqgv wdeohv iru qrq0qdqfldo
frusrudwlrqv sxeolvkhg e| wkh Ihghudo Uhvhuyh +Ihghudo Uhvhuyh/ 4<<;, 1 Ehwzhhq
4<58 dqg 4<77/ zh h{wudsrodwh vhulhv edfnzdugv xvlqj dydlodeoh gdwd iurp wkh
EHD iru wdqjleoh dvvhwv +Exuhdx ri Hfrqrplf Dqdo|vlv/4<<:, dqg wkh qdwlrqdo
dffrxqwv +Exuhdx ri Hfrqrplf Dqdo|vlv/ 4<<5, dqg d sulydwho| vxssolhg vhulhv
iru wkh pdunhw ydoxh ri htxlwlhv1 Dsduw iurp rxu xvh ri wklv odwwhu vhulhv/ rxu
phwkrgrorj| lv yhu| vlplodu wr Eodqfkdug e| @, +4<<6,/ dqg/ zkhq xvlqj vlplodu
ghqlwlrqv/ surgxfhv yhu| vlplodu fkdudfwhulvwlfv1
Rxu rqo| ghsduwxuh lv lq rxu ghqlwlrq ri ^1 Wrelq*v ruljlqdo ghqlwlrq +iroorzhg
lq prvw dfdghplf zrun, lv
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<Frqvlvwhqf| zlwk hpslulfdo hylghqfh ri wkh dvvxpswlrq wkdw wkh h{shfwhg uhwxuq lv vwdwlrqdu|
fdqqrw orjlfdoo| eh lqihuuhg vroho| iurp wkh vwdwlrqdulw| surshuwlhv ri wkh S2H lq lvrodwlrq1
Vlhjho*v +rs1 flw1, hylghqfh rq yhu| orqj0uxq lqyhvwru uhwxuqv lv krzhyhu vxjjhvwlyh ri wkhvh
ehlqj vwdwlrqdu|/ dowkrxjk kh shuirupv qr irupdo whvwv1
43Wkh revhuydwlrq wkdw/ ryhu orqj vdpsohv/ wkh sd|rxw udwlr dsshduv wr kdyh d xqlw urrw pxvw
lpso| wkdw wkh S2H pxowlsoh dqg wkh glylghqg |lhog fdqqrw erwk eh vwdwlrqdu| surfhvvhv 0 wkh
hpslulfdo hylghqfh vwurqjo| vxjjhvwv wkdw ryhu wkh vdph orqj vdpsohv lw lv wkh glylghqg |lhog
zklfk lv qrqvwdwlrqdu| +xvlqj wkh whup orrvho|/ wr hqfrpsdvv d eurdg udqjh ri srvvleoh irupv
ri gl!fxowlhv lq iruhfdvwlqj ryhu orqj krul}rqv/ zklfk pd| lq sulqflsoh eh uhsuhvhqwhg e|/ iru
h{dpsoh/ xqsuhglfwdeoh/ exw erxqghg/ vwuxfwxudo euhdnv,1
;
zkhuh  lv wkh vwrfn sulfh/ . lv wkh qxpehu ri vkduhv44/ u lv wkh pdunhw ydoxh
ri oldelolwlhv/ dqg g lv frusrudwh dvvhwv1 Zh suhihu wr iroorz wkh Ihghudo Uhvhuyh*v
sudfwlfh lq xvlqj wkh iroorzlqj udwlr45
^ ’
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zkhuh wkh ghqrplqdwru lv frusrudwh qhw zruwk1 Lw fdq uhdglo| eh vhhq wkdw
wklv ghqlwlrq kdv wkh vdph surshuwlhv/ zlwk uhvshfw wr wkh vljq ri ghulydwlyhv wr
lwv frpsrqhqwv/ dv Wrelq*v ruljlqdo ghqlwlrq/ dqg lqghhg/ dv zh vkrz ehorz/ lq
whupv ri wkhlu vwdwlvwlfdo surshuwlhv wkh wzr udwlrv orrn h{wuhpho| vlplodu1 Rxu
suhihuhqfh iru wkh vhfrqg ghqlwlrq krzhyhu/ lv iru wzr uhdvrqv1
Iluvw/ wkh ruljlqdo ghqlwlrq lv suhglfdwhg/ lpsolflwo|/ rq d zruog lq zklfk wkh
Ploohu0Prgljoldql wkhruhp krogv1 Zklovw wklv pd| dssur{lpdwho| eh wkh fdvh/ zh
zrxog qrw zlvk wr wdnh wklv dvvxpswlrq iru judqwhg/ hvshfldoo| jlyhq wkh fohdu
olqn/ douhdg| qrwhg/ ehwzhhq wkh xvh ri dq| ydoxdwlrq fulwhulrq/ dqg dq lpsolflw
uhmhfwlrq ri shuihfwo| h!flhqw pdunhwv1
Rxu vhfrqg uhdvrq lv pruh sudjpdwlf1 Vlqfh rxu irfxv lv rq wkh vwrfn pdunhw/
udwkhu wkdq rq d frpelqdwlrq ri wkh htxlw| dqg erqg pdunhwv/ rxu suhihuuhg gh0
qlwlrq/ +615,/ wv pruh hdvlo| lqwr wkh iudphzrun rxwolqhg lq Vhfwlrq 5/ vlqfh lw fdq
eh hdvlo| eurnhq grzq lqwr wzr whupv/ lq sulfh/ dqg lq wkh lpsolflw ixqgdphqwdo/
g3u
.
/ ri frusrudwh qhw zruwk shu vkduh1 Wkxv/ li/ rwkhu wklqjv htxdo/ wkh vwrfn
sulfh idoov e| %(/ rxu phdvxuh ri ^ dovr idoov e| %(> wkh ruljlqdo ghqlwlrq zloo
idoo e| d ohvvhu shufhqwdjh/ ghshqglqj rq wkh uhodwlyh pdjqlwxgh ri wkh vwrfnv ri
erqgv dqg htxlwlhv146
Lq rughu wr hqvxuh frqvlvwhqf| ri rxu ghqlwlrq wkurxjkrxw wkh vdpsoh shulrg/
zh xvh d ghqlwlrq ri g zklfk h{foxghv odqg dqg uhvlghqwldo fdslwdo/ vlqfh wklv
frpsrqhqw ri wrwdo frusrudwh dvvhwv lv qrw dydlodeoh ehiruh 4<781 Lq sudfwlfh/
krzhyhu/ hyhq lq wkh sxeolvkhg jxuhv iru odwhu shulrgv gdwd iru odqg lv kljko|
44Zh ghulyh wklv vhulhv e| glylglqj wkh Ihghudo Uhvhuyh vhulhv iru wkh pdunhw ydoxh ri htxlwlhv
rxwvwdqglqj e| rxu fkrvhq phdvxuh ri S = wkh V)S Lqgxvwuldov Lqgh{1 Wkhuh lv fohduo| dq lpsolflw
phdvxuhphqw huuru khuh/ vlqfh wkh Ihg jxuh uhodwhv wr doo qrqqdqfldo frusrudwlrqv/ exw wkhuh
lv qr reylrxv dowhuqdwlyh wr wklv dssurdfk1
45Lw vkrxog eh qrwhg wkdw zklovw wkh Ihghudo Uhvhuyh sxeolvkhv wklv udwlr rq d uhjxodu edvlv/ lw
grhv qrw uhihu wr lw dv t1 Wklv lv rxu rzq lqqrydwlrq/ iru zklfk zh ehj lqgxojhqfh iurp Surihvvru
Wrelq1
46Wklv surshuw| lv dovr sduwlfxoduo| xvhixo zkhq zh frph wr hpehg t lq d orjolqhdu frlqwhjudwlqj
yhfwru dxwruhjuhvvlrq/ vlqfh lw lpsolhv d vlpsoh uhvwulfwlrq rq wkh frlqwhjudwlqj yhfwruv/ zklfk
zrxog eh lpsrvvleoh xvlqj wkh ruljlqdo ghqlwlrq1
<
lpshuihfw= lqghhg wkhuh lv d glvwlqfw glvfrqwlqxlw| lq wkh Ihg*v phwkrgrorj| ehiruh
dqg diwhu 4<;< +iru ghwdlov/ vhh Dsshqgl{ D,/ vr wkdw rxu phwkrgrorj| lv dujxdeo|
pruh urexvw hyhq diwhu 4<781
6161 Xqlyduldwh Surshuwlhv ri ^
Fkduw 4 vkrzv wzr vhulhv iru ^/ frqvwuxfwhg xvlqj wkh ghqlwlrq jlyhq lq +615,/
glhulqj rqo| gxh wr wkh lqfoxvlrq dqg h{foxvlrq ri odqg dqg qrquhvlghqwldo fdslwdo1
Wkh fkduw vkrzv wkdw/ iru prvw ri wkh frpprq vdpsoh/ iurp 4<78 rqzdugv/ wkh
glhuhqw ghqlwlrq kdv olwwoh lpsdfw1 Rqo| pruh uhfhqwo| +prvw qrwdeo| diwhu wkh
fkdqjh lq phwkrgrorj| lq 4<;<, gr wkh vhulhv glyhujh vrphzkdw1
Fkduw 5 vkrzv/ iru frpsdulvrq/ d phdvxuh ri ^ frqvwuxfwhg iurp wkh vdph gdwd
vrxufhv/ xvlqj Wrelq*v ruljlqdo ghqlwlrq lq +614d,1 Lw lv fohdu wkdw wkh qdwxuh ri wkh
uhvxowlqj vhulhv lv yhu| vlplodu/ zklfkhyhu ghqlwlrq lv xvhg1 Iru frpsdulvrq/ wkh
fkduw dovr vkrzv wkh vhulhv surgxfhg rq wkh vdph edvlv e| Eodqfkdug e| @,/ zklfk
uxqv edfn dq dgglwlrqdo 58 |hduv wr wkh wxuq ri wkh fhqwxu|1 Wkhuh lv d glvwlqfw
glhuhqfh ehwzhhq wkh wzr vhulhv lq whupv ri vfdoh +odujho| uh hfwlqj pdmru xszdug
uhylvlrqv wr wkh qrquhvlghqwldo fdslwdo vwrfn lqwurgxfhg e| wkh EHD lq 4<<9,> exw/
djdlq/ lq whupv ri wkh rwkhu surshuwlhv ri wkh vhulhv/ erwk orrn txlwh vlplodu1
Erwk fkduwv surylgh ylvxdo hylghqfh zklfk vwurqjo| vxjjhvwv wkdw ^ lv d vwd0
wlrqdu| surfhvv/ frqvlvwhqw zlwk wkh suhglfwlrqv ri wkhru|1 Dv pljkw eh h{shfwhg/
krzhyhu/ jlyhq wkh zhoo0nqrzq gl!fxowlhv lq whvwlqj iru wkh suhvhqfh ri xqlw urrwv/
vwdwlvwlfdo whvwv vkrzq lq Wdeoh 4 duh qrw ryhuzkhoplqjo| frqfoxvlyh1
Jlyhq wkh ghjuhh ri qrlvh dqg shuvlvwhqfh lq t/ wkh fkrlfh ri vdpsoh lv idluo|
fuxfldo1 Xvlqj rqo| gdwd iurp 4<78 rqzdugv +wkh olplw ri dydlodelolw| xvlqj Ihghudo
Uhvhuyh gdwd,/ lw lv lpsrvvleoh wr uhmhfw d xqlw urrw rq wkh vwdqgdug DGI whvw1
Lqfoxglqj hduolhu gdwd/ wkh hylghqfh iru uhmhfwlrq ehfrphv vwurqjhu1 Wkh wdeoh
vkrzv wkdw h{whqglqj wkh vdpsoh wr xvh doo dydlodeoh gdwd ri rxu rzq frqvwuxfwlrq
+uxqqlqj iurp 4<58 rqzdugv, sxvkhv wkh whvw vwdwlvwlfv lqwr d }rqh zkhuh wkh
qxoo ri d xqlw urrw lv uhmhfwhg li wkh vwdwlvwlf zhuh qrupdoo| glvwulexwhg/ exw lv
pdujlqdo iru d Glfnh|0Ixoohu glvwulexwlrq147 Li zh duh suhsduhg wr dffhsw vlpsoh
47Li lw lv dvvxphg wkdw/ xqghu wkh qxoo/ t lv d xqlw urrw surfhvv zlwk }hur guliw/ wkhq wkh Glfnh|0
Ixoohu glvwulexwlrq lv dssursuldwh1 Vlqfh wkhuh dsshduv qr uhdvrq wr lpsrvh wklv uhvwulfwlrq rq wkh
qxoo/ Zhvw*v +4<;;, uhvxow wkdw wkh DGI whvw vwdwlvwlf zloo eh dv|pswrwlfdoo| qrupdoo| glvwulexwhg
pd| dsso| +doehlw vxemhfw wr wkh vpdoo0vdpsoh fdyhdwv ri K|oohehuj dqg Pl}rq +4<;<,,1 Dqrwkhu
uhdvrq wr wdnh qrwh ri wkh vljqlfdqfh ohyhov dvvxplqj qrupdolw| lv wr qrwh wkdw/ li zh zhuh wr
dvvxph vwdwlrqdulw|/ wkhq wkh lpsolhg frqghqfh lqwhuydov iru wkh dxwruhjuhvvlyh sdudphwhu iru
t olh frpiruwdeo| ehorz xqlw|1
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sursruwlrqdo h{wudsrodwlrq ri rxu gdwd +xvlqj wkh ghqlwlrq ri t rq Wrelq*v edvlv,
xvlqj wkh vhulhv frqvwuxfwhg e| Eodqfkdug hw do/ krzhyhu/ Wdeoh 4 vkrzv wkdw wkh
qxoo ri d xqlw urrw lv uhmhfwhg idluo| frqylqflqjo| xqghu erwk glvwulexwlrqv148 Wdeoh
4 dovr vkrzv wkdw wuxqfdwlqj wkh vdpsoh sulru wr wkh odvw ihz |hduv ohdgv wr d pruh
frqfoxvlyh uhmhfwlrq ri d xqlw urrw lq ^1 Wkh lpsdfw ri wkh odvw revhuydwlrqv lv
wkxv fuxfldo wr wkh lqwhusuhwdwlrq ri wkh Glfnh|0Ixoohu whvwv1 D fhqwudo wkuxvw ri
wklv sdshu lv wkdw wkh uhfhqw ehkdylrxu ri ^ lv dw|slfdo/ vr wkdw wuxqfdwlrq ri wkh
vdpsoh pd| jlyh d ehwwhu jxlgh1
Htxdoo| lpsruwdqw/ Prqwh Fduor hylghqfh/ glvfxvvhg lq Vhfwlrq 717/ vxjjhvwv
wkdw wkh suredelolw| ri ^ dsshdulqj wr kdyh KJ| wkh revhuyhg wlph vhulhv surshuwlhv
zklfk pdnh lw d xvhixo ydoxdwlrq fulwhulrq/ li wkh vwrfn sulfh zhuh lq idfw d udqgrp
zdon lv/ dw durxqg 6(/ vljqlfdqwo| orzhu1
D ixuwkhu qrwdeoh ihdwxuh ri erwk ghqlwlrqv ri ^ lv wkdw wkh dyhudjh ydoxhv
wrzdugv zklfk wkh vhulhv whqg wr uhyhuw duh ohvv wkdq wkh wkhruhwlfdo htxloleulxp
ydoxh ri xqlw|1 Wklv pljkw lq sduw uh hfw dq| dyhudjh whqghqf| wr plvphdvxuhphqw
ri wkh fdslwdo vwrfn +zklfk zloo whqg wr eh v|vwhpdwlfdoo| ryhuvwdwhg li/ iru h{dpsoh/
wkh wuxh lq dwlrq udwh lv ohvv wkdq wkh uhfrughg lq dwlrq udwh/ ru li wkh wuxh udwh
ri hfrqrplf ghsuhfldwlrq lv juhdwhu wkdq wkdw xvhg e| wkh vwdwlvwlfldqv,1 Exw wklv
dorqh zrxog dsshdu xqolnho| wr h{sodlq vxfk d odujh glhuhqfh lq dyhudjh ydoxhv1 D
udwlrqdoh iru wkh fdvh lq zklfk wkh wuxh htxloleulxp ydoxh lv dovr ohvv wkdq xqlw| pd|
dovr dulvh iurp wkh yhu| pdunhw lqh!flhqf| zklfk fdxvhv vwrfn sulfhv wr ghyldwh
iurp wkh ixqgdphqwdo1 Gh Orqj hw do *v +4<<3, qrlvh wudghu prgho/ iru h{dpsoh/
zrxog lpso| wkdw wkh dyhudjh udwlr ri wkh vwrfn sulfh wr wkh ixqgdphqwdo pd| eh
ehorz xqlw| li vwdelolvlqj ixqgdphqwdolvw lqyhvwruv duh vx!flhqwo| ulvn0dyhuvh1
Wkh wklug pdmru fkdudfwhulvwlf hylghqw lq doo wkh vhulhv vkrzq lq Fkduwv 4 dqg
5 lv wkdw wkh prvw uhfhqw revhuydwlrq/ iru hqg04<<:/ lv hlwkhu wkh kljkhvw hyhu/
ru frpsdudeoh wr wkh rwkhu pdmru shdn wklv fhqwxu|/ lq Dxjxvw 4<5<1 Xvlqj rxu
fkrvhq phdvxuh ri ^/ zlwk g h{foxglqj odqg dqg uhvlghqwldo krxvlqj/ wkh xqfrq0
glwlrqdo suredelolw| ri d kljkhu ydoxh wkdq wkh hqg04<<: revhuydwlrq lv rqo| 5(/
xqghu wkh dvvxpswlrq ri vwdwlrqdulw|1 Wklv ihdwxuh ri wkh gdwd lv frqvlvwhqw zlwk
doprvw doo rwkhu dowhuqdwlyh ydoxdwlrq fulwhuld/ prvw qrwdeo| wkh S2H pxowlsoh dqg
wkh glylghqg |lhog +iru glvfxvvlrq ri wkh lpsolfdwlrqv ri wkhvh dqg rwkhu dowhuqdwlyh
phdvxuhv vhh Fdpsehoo dqg Vkloohu +4<<;, dqg Nrsfnh +4<<:,,
D fuxfldo fkdudfwhulvwlf ri d vwdwlrqdu| surfhvv lv ri frxuvh wkh hdvh zlwk zklfk
48Zh kdyh wkxv idu ehhq xqdeoh wr rewdlq wkh xqghuo|lqj gdwd xvhg lq frqvwuxfwlqj Eodqfkdug
hw do *v vhulhv iru t/ zklfk zrxog hqdeoh xv wr surgxfh d orqjhu vhulhv rq d pruh frqvlvwhqw edvlv1
Zh krsh wr eh deoh wr gr vr lq d odwhu yhuvlrq ri wklv sdshu1
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lw fdq eh suhglfwhg ryhu orqj krul}rqv1 ^ lv d kljko| vhuldoo| fruuhodwhg/ dqg kljko|
qrlv| surfhvv/ zklfk lpsolhv wkdw/ hyhq zkhq wkh odvw revhuydwlrq lv ri yhu| orz
xqfrqglwlrqdo suredelolw|/ dv dw hqg04<<:/ wkh frqglwlrqdo suredelolw| ri ^ idoolqj
edfn ryhu wkh frxuvh ri wkh |hdu lpphgldwho| iroorzlqj lv rqo| durxqg :3(1 Exw/
wkh orqjhu wkh krul}rq/ wkh orzhu lv wkh zhljkw ri wkh odvw revhuydwlrq/ xqwlo/ lq wkh
olplw/ dv wkh krul}rq whqgv wr lqqlw|/ wkh frqglwlrqdo suredelolw| ri d orzhu ydoxh
whqgv wr wkh xqfrqglwlrqdo suredelolw|1 Wkxv/ wkh orqjhu wkh krul}rq/ wkh kljkhu
lv wkh suredelolw| wkdw ^ zloo idoo edfn ryhu wkdw krul}rq1
Ri frxuvh/ wkhvh xqlyduldwh fkdudfwhulvwlfv ri ^ qhhg qrw qhfhvvdulo| kdyh dq|
lpsolfdwlrqv iru vwrfn sulfhv/ dqg khqfh qhhg qrw lpso| wkdw ^ lv d xvhixo ydoxdwlrq
fulwhulrq1 Iru wklv/ lq d pxowlyduldwh frqwh{w/ zh uhtxluh wkh vhfrqg fuxfldo surs0
huw|/ Judqjhu Fdxvdolw| iurp ^ wr wkh vwrfn sulfh/ dqg khqfh/ lpsolflwo|/ uhmhfwlrq
ri wkh h!flhqw pdunhw k|srwkhvlv1 Wr wklv lvvxh zh qrz wxuq1
71 Wrelq*v ^ lq d Frlqwhjudwlqj YDU
7141 Gdwd Ghqlwlrqv dqg Xqlyduldwh Surshuwlhv
Jlyhq wkh ghqlwlrq ri t lq +615,/ dqg rxu frqfhuq wr lqyhvwljdwh wkh qdwxuh
ri Judqjhu Fdxvdolw| uhodwlrqv/ lw lv qdwxudo wr orrn dw d yhfwru dxwruhjuhvvlyh
uhsuhvhqwdwlrq ri wkh iroorzlqj wkuhh yduldeohv=  lv wkh uhdo vkduh sulfh +phdvxuhg
e| wkh V)S Lqgxvwuldov Lqgh{,> . lv wkh vwrfn ri htxlwlhv rxwvwdqglqj> dqg ‘ 
gu lv uhdo qrqqdqfldo frusrudwh qhw zruwk1  dqg‘ duh phdvxuhg lq frqvwdqw
sulfh whupv/ gh dwhg e| wkh XV FSL> . lv uhdo e| frqvwuxfwlrq1 Frqwlqxlqj wkh
frqyhqwlrq wkdw orzhu fdvh ohwwhuv uhsuhvhqw orjdulwkpv ri xsshu fdvh yduldeohv/ zh
vkdoo prgho wkh v|vwhp lq whupv ri wkh yhfwru  | ’ ER|c e|c |
1
Xqlyduldwh DGI whvwv vkrzq lq Wdeoh 5/ iru s/ h dqg z/ vkrz wkdw d xqlw urrw lq
orj0ohyhov fdqqrw eh uhmhfwhg iru dq| ri wkh yduldeohv/ exw lv vwurqjo| uhmhfwhg iru doo
wkuhh lq orj0glhuhqfhv1 Zh fdq wkxv eh idluo| frqghqw wkdw dq L+4, uhsuhvhqwdwlrq
lv dssursuldwh1
7151 Wkh Uhgxfhg Udqn YDU Uhsuhvhqwdwlrq
Zh hvwlpdwh d wulyduldwh uhgxfhg udqn YDU uhsuhvhqwdwlrq ri wkh vwdqgdug irup
{ |’  n |3 n 0| +714,
zkhuh  lv d yhfwru ri frqvwdqw whupv/ dqg +jlyhq wkdw doo wkuhh hohphqwv lq  |,
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duh L+4,/  lv dvvxphg wr eh ri uhgxfhg udqn/ o/ dqg fdq eh zulwwhq dv  ’ kq/
zkhuh k dqg q duh  o/ zlwk q d pdwul{ ri frlqwhjudwlqj yhfwruv1
Wdeoh 6 vkrzv wkdw prgho vhohfwlrq fulwhuld srlqw fohduo| wr wkh rswlpdo rughu ri
wkh YDU dv ehlqj uvw rughu1 Zlwk dydlodeoh gdwd iurp frqvlvwhqw vrxufhv uxqqlqj
iurp 4<5: wr 4<<:/ wklv lpsolhv d vdpsoh shulrg iru hvwlpdwlrq ri :5 revhuydwlrqv/
iurp 4<59 wr 4<<:1
Wdeoh 7 vkrzv wkdw/ dqdorjrxvo| wr wkh xqlyduldwh fdvh iru t/ vwdqgdug whvwv duh
qrw ryhuzkhoplqjo| frqfoxvlyh dv wr wkh udqn ri  Wkh k|srwkhvlv wkdw  lv ri
udqn }hur fdq rqo| eh uhmhfwhg dw wkh <3( vljqlfdqfh ohyho djdlqvw wkh dowhuqdwlyh
wkdw lw lv ri udqn rqh> lw lv yhu| forvh wr uhmhfwlrq dw wkh vdph vljqlfdqfh ohyho
djdlqvw wkh pruh jhqhudo dowhuqdwlyh wkdw  lv ri udqn rqh ru kljkhu1 Wkh vl}h ri
wkh hljhqydoxhv/ wrjhwkhu zlwk wzr rxw ri wkh wkuhh xvxdo prgho vhohfwlrq fulwhuld/
vhhp wr srlqw wr wkh suhvhqfh ri wzr frlqwhjudwlqj uhodwlrqv/ exw hvvhqwldoo| wkh
gdwd gr qrw dsshdu wr glvfulplqdwh fohduo| ehwzhhq uhsuhvhqwdwlrqv zlwk o ’ 
dqg o ’ 21
Gxh wr wklv dpeljxlw| zh lqyhvwljdwhg wkh surshuwlhv ri erwk1 Wdeoh 8 vkrzv
wkdw/ lq wkh o ’ 2 uhsuhvhqwdwlrq/ wkh uhvwulfwlrq wkdw rqh ri wkh frlqwhjudwlqj
yhfwruv lv +4/ 4/ 04,/ dqg khqfh wkdw ^ lv rqh ri wkh frlqwhjudwlqj uhodwlrqv/ fdq
eh hdvlo| lpsrvhg1 Krzhyhu/ lpsrvlqj d uhsuhvhqwdwlrq zlwk o ’ / lq zklfk ^
zdv wkh vroh frlqwhjudwlqj uhodwlrq zdv uhmhfwhg idluo| vwurqjo|1 Exw forvhu h{0
dplqdwlrq ri wkh wzr glhuhqw v|vwhpv +vxppdulvhg lq Wdeohv 9 dqg :, vxjjhvwv
wkdw wkh uhmhfwlrq lv odujho| gxh wr wkh uhsuhvhqwdwlrq ri h/ wkh qxpehu ri vkduhv
rxwvwdqglqj/ dqg wkdw wkh uhvwulfwlrq lpsdfwv frqvlghudeo| ohvv rq wkh vwrfn sulfh
htxdwlrq1
Wdeoh 9 vkrzv frh!flhqw hvwlpdwhv iru wkh o ’ 2 yhuvlrq ri wkh prgho1 Qr
uhvwulfwlrq lv lpsrvhg rq wkh vhfrqg frlqwhjudwlqj yhfwru/ exw d mxvw lghqwli|lqj
uhvwulfwlrq doorzv lw wr eh uhsuhvhqwhg lq d irup zklfk kdv d }hur uhvwulfwlrq rq
wkh vwrfn sulfh149 Lq wklv irup wkh frh!flhqw rq wkh vhfrqg frlqwhjudwlqj uhodwlrq
lq wkh htxdwlrq iru {R lv rqo| pdujlqdoo| vljqlfdqw/ exw lv kljko| vljqlfdqw lq
wkh htxdwlrq iru {e> wkh uhyhuvh dsshduv wr eh wkh fdvh iru wkh uvw frlqwhjudwlqj
uhodwlrq/ t14: Jlyhq wkh lqfrqfoxvlyh qdwxuh ri wkhvh uhvxowv/ zh frqwlqxh wr dqdo|vh
erwk fdvhv/ exw irfxv rxu glvfxvvlrqv sulpdulo| rq wkh pruh gdwd0frqvlvwhqw o ’ 2
fdvh1
49Lq sulqflsoh dq| olqhdu frpelqdwlrq ri t dqg wklv yhfwru zrxog eh htxdoo| dffhswdeoh1 Lq
wklv irup/ krzhyhu/ wkh vhfrqg uhodwlrq dsshduv wr pdnh vrph hfrqrplf vhqvh1
4:Lqghhg/ wkh uhvwulfwlrq wkdw uhvshfwlyho|/ wkh frh!flhqw rq fu5 lq wkh htxdwlrq iru s/ dqg
rq t lq wkh htxdwlrq iru h duh mrlqwo| }hur/ fdq hdvlo| eh lpsrvhg/ dowkrxjk zh gr qrw gr vr1
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7161 Whvwv ri Judqjhu Fdxvdolw|
E| wkh Judqjhu Uhsuhvhqwdwlrq Wkhruhp/ wkh h{lvwhqfh ri frlqwhjudwlrq pxvw lp0
so| Judqjhu Fdxvdolw| lq dw ohdvw rqh gluhfwlrq1 Dv qrwhg deryh/ wklv lq lwvhoi
qhhg qrw frq lfw zlwk wkh udqgrp zdon k|srwkhvlv/ dv orqj dv Judqjhu Fdxvdo0
lw| uxqv iurp/ dqg qrw wr wkh vwrfn sulfh1 Exw vwdqgdug yduldeoh ghohwlrq whvwv/
vxppdulvhg lq Wdeoh ;/ vwurqjo| uhmhfw wklv yhuvlrq ri hyhqwv1 Lqghhg/ wkh whvw
uhvxowv duh qrw lqfrqvlvwhqw zlwk xqlgluhfwlrqdo Judqjhu Fdxvdolw| uxqqlqj lq wkh
rssrvlwh gluhfwlrq 0 lpso|lqj wkdw frusrudwh qhw zruwk hyroyhv dv dq lqghshqghqw
xqlw urrw surfhvv1 Zklovw zh gr qrw lpsrvh wklv surshuw|/4; wkh frqwudvw zlwk wkh
udqgrp zdon fdvh lv txlwh pdunhg1
Wklv qglqj lv krzhyhu dujxdeo| eurdgo| frqvlvwhqw zlwk sdvw olwhudwxuh/ erwk
whvwlqj wkh udqgrp zdon k|srwkhvlv/ dqg whvwlqj iru wkh vljqlfdqfh ri Wrelq*v
^ dv d ghwhuplqdqw ri lqyhvwphqw 0 vhh/ iru h{dpsoh/ Eodqfkdug e| @, +4<<6,,1
Lqghhg/ wkh revhuyhg dssduhqw vwdwlrqdulw| ri t fdq rqo| eh uhfrqflohg zlwk d
zhdn olqn wr lqyhvwphqw li wkhuh lv vrph dowhuqdwlyh htxloleudwlqj phfkdqlvp 0
Judqjhu Fdxvdolw| wr wkh vwrfn sulfh surylghv vxfk d phfkdqlvp1
7171 Prqwh Fduor Dqdo|vlv
Zh kdyh dujxhg/ rq wkh edvlv ri wkh uhvxowv ri Vhfwlrqv 718 dqg 716 wkdw +d,
wkhuh lv dw ohdvw rqh frlqwhjudwlqj yhfwru ehwzhhq R|c e|c dqg | +e, +rqh ri,
wkh frlqwhjudwlqj yhfwru+v, lv Ec c dqg +f, fdxvdolw| uxqv iurp ^| wr R|1 Wklv
uhsuhvhqwdwlrq dsshduv dffhswdeoh lq d vhtxhqfh ri k|srwkhvlv whvwv dw frqyhqwlrqdo
R0ydoxhv1 Ri frxuvh zlwk d frpsrvlwh k|srwkhvlv ri wklv w|sh/ dqg zlwk qlwh
vdpsohv/ rqh lv frqfhuqhg derxw wkh xvh ri dv|pswrwlf | dqg 8 ydoxhv wr dvvhvv
k|srwkhvhv/ dqg wkdw wkh dfwxdo vl}h dqg srzhu ri wkh frpsrvlwh k|srwkhvlv pd|
ghsduw iurp lwv qrplqdo ydoxh1 Lq wklv vhfwlrq zh lqyhvwljdwh xvlqj prqwh fduor
whfkqltxhv wkh suredelolw| ri zurqjo| uhmhfwlqj wkh qxoo k|srwkhvlv wkdw wkh vwrfn
sulfh gdwd zhuh jhqhudwhg e| dq lqghshqghqw udqgrp zdon/ djdlqvw rxu frpsrvlwh
dowhuqdwlyh1
4;Zh zrxog lqghhg ghhp lw xqghvludeoh wr gr vr1 Qrwh wkdw wkh vljq ri frh!flhqwv rq t lq
wkh htxdwlrqv iru z vkrzq lq Wdeohv 9 dqg : lv frqvlvwhqw zlwk Wrelq*v ruljlqdo exlog0ru0ex|
duelwudjh phfkdqlvp1 Dqg dowkrxjk wkh frh!flhqwv wkhpvhoyhv duh lqvljqlfdqwo| glhuhqw iurp
}hur dw frqyhqwlrqdo ohyhov ri vwdwlvwlfdo vljqlfdqfh/ lw lv zruwk qrwlqj wkdw wkh s0ydoxhv lpso| d
suredelolw| ri 93( wr :3( wkdw wkh frh!flhqwv duh srvlwlyh/ frqvlvwhqw zlwk wkhru|1 Lw lv srvvleoh
wkdw ghfrpsrvlqj z lqwr fkdqjhv lq wkh fdslwdo vwrfn/ dqg lq qhw frusrudwh eruurzlqj/ pljkw
lpsuryh wkh w ri wklv vhfwru ri wkh YDU/ exw vlqfh wklv lv qrw rxu sulpdu| lqwhuhvw/ zh gr qrw
sxuvxh wklv khuh1
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Zh uhhvwlpdwh +714, lpsrvlqj wkdw vwrfn sulfhv duh dq lqghshqghqw udqgrp
zdon +l1h1 vhwwlqj k ’ f,/ zlwk rwkhu sdudphwhuv hvwlpdwhg iuhho|1 Zh uhfryhu wkh
yduldqfh fryduldqfh pdwul{ dqg xvlqj wkhvh sdudphwhuv dqg lqlwdo ydoxhv ri wkh
gdwd jhqhudwh 43/333 uhsolfdwlrqv ri wkh wkuhh vhulhv zlwk dssuruldwho| fruuhodwhg
qrupdoo| glvwulexwhg huuruv1 Zh xvh wkhvh jhqhudwhg gdwd wr lqyhvwljdwh wkh sure0
delolw| ri idovho| dffhswlqj ru uhmhfwlqj wkh uhtxluhg k|srwkhvhv iru wkh frqfoxvlrqv
zh vhw rxw deryh1 Wdeoh < vkrzv wkdw lq derxw 43( ri uhsolfdwlrqv dq huuru fru0
uhfwlqj uhsuhvhqwdwlrq iru{R gulyhq e| dq| olqhdu frpelqdwlrq ri ER|3c e|3c |3
kdv huuru0fruuhfwlqj frh!flhqw ixuwkhu iurp }hur wkdq wkdw irxqg lq rxu gdwd +wklv
hhfwlyho| qgv d vwdwlrqdu| frpelqdwlrq ri wkh ERc ec  yduldeohv zlwk fdxvdolw|
uxqqlqj wr R,1 Krzhyhu/ wkh qxpehu ri uhsolfdwlrqv lq zklfk wkh vshflf olqhdu
frpelqdwlrq ^| zdv vwdwlrqdu|/ zlwk dxwruhjuhvvlyh sdudphwhu ohvv wkdq wkh hvwl0
pdwhg ydoxh lpsolhg iurp rxu ruljlqdo hvwlpdwhv ri +714, zdv glvwlqfwo| orzhu/ dw
durxqg 9(> dqg wkh qxpehu lq zklfk erwk ^| lv vwdwlrqdu| dqg wkh frh!flhqw
rq ^|3 lq wkh huuru0fruuhfwlqj uhsuhvhqwdwlrq iru {R| lv pruh qhjdwlyh wkdq wkh
hvwlpdwh lq wkh ruljlqdo v|vwhp zdv 6(1 Zh frqfoxgh/ wkhuhiruh/ wkdw wkh wkh sure0
delolw| wkdw wkh hpslulfdo hylghqfh lq idyrxu ri ^ dv d ydoxdwlrq fulwhulrq frxog
kdyh dulvhq e| fkdqfh li sulfhv zhuh dfwxdoo| jhqhudwhg e| dq lqghshqghqw udqgrp
zdon lv durxqg 6(14<
7181 Vwrfn Sulfh Iruhfdvw Yduldqfh lq d Frlqwhjudwlqj YDU
Wkh glvfxvvlrq wkxv idu kdv irfxvvhg rq wkh frqglwlrqv qhfhvvdu| iru dq| ydoxdwlrq
fulwhulrq wr eh xvhixo/ dqg rq wkh lvvxh ri zkhwkhu ^ phhwv wkhvh frqglwlrqv1 Zh
frqfoxgh wkdw lw grhv1 Krzhyhu/ zh kdyh qrw wkxv idu ghdow zlwk wkh lvvxh udlvhg
lq wkh lqwurgxfwlrq/ zklfk uhsuhvhqwv wkh sulpdu| prwlydwlrq iru dq| ydoxdwlrq
fulwhulrq= qdpho|/ yduldqfh uhgxfwlrq lq vwrfn sulfh iruhfdvwv/ uhodwlyh wr wkh kljko|
xqfhuwdlq udqgrp zdon fdvh/ ryhu orqj krul}rqv1
Lw vkrxog eh reylrxv wkdw dq| ydoxdwlrq phdvxuh zklfk vdwlvhv rxu wzr fulwh0
uld pxvw uhgxfh wkh yduldqfh ri vwrfn sulfh iruhfdvwv rqh vwhs dkhdg 0 wklv dulvhv
gluhfwo| iurp wkh surshuwlhv ri ohdvw vtxduhv/ dv orqj dv k lq htxdwlrq +514, lv vlj0
qlfdqwo| glhuhqw iurp }hur1 Krzhyhu/ wkh ghjuhh ri lpsuryhphqw lq suhglfwlyh
srzhu ryhu d rqh |hdu krul}rq/ zklovw fohduo| vwdwlvwlfdoo| vljqlfdqw/ lv dujxdeo|
qrw hfrqrplfdoo| vljqlfdqw1 Vshflfdoo|/ wkh xqfrqglwlrqdo vwdqgdug ghyldwlrq
ri wkh uhdo vwrfn sulfh fkdqjh ryhu rxu vdpsoh zdv durxqg 5514( +dqg khqfh wkh
vroh ghwhuplqdqw ri xqfhuwdlqw| lq wkh udqgrp zdon uhsuhvhqwdwlrq,1 Zklovw erwk
4<Ixuwkhu ghwdlov ri rxu phwkrgrorj| duh jlyhq lq Dsshqgl{ 1
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frlqwhjudwlqj uhodwlrqv lq wkh o ’ 2 uhsuhvhqwdwlrq duh vwdwlvwlfdoo| vljqlfdqw lq
wkh vwrfn sulfh htxdwlrq/ Wdeoh : vkrzv wkdw wkh vwdqgdug huuru ri wkh htxdwlrq
lpsuryhv rq wkh xqfrqglwlrqdo vwdqgdug ghyldwlrq e| rqo| mxvw ryhu 4( srlqw
+lpso|lqj dq -
2
vwdwlvwlf ri rqo| 43(,1 Wklv ri frxuvh vkrxog qrw eh vxusulvlqj1
Zklovw uhmhfwlrq ri vrph irup ri wkh udqgrp zdon k|srwkhvlv lv d frpprq rffxu0
uhqfh/ lw lv xvxdoo| irxqg wkdw wkh h{whqw ri dq| uhmhfwlrq lv idluo| prghvw 0 rxu
qglqjv duh frqvlvwhqw zlwk wklv1 Lw dovr lpsolhv wkdw wkh ghyldwlrq iurp wh{werrn
h!flhqf| lv sodxvleoh lq whupv ri xqghuo|lqj ehkdylrxu/ vlqfh wkh h{whqw ri wkh
ghyldwlrq wudqvodwhv wr wkh lqfhqwlyh wr hqjdjh lq duelwudjh wr uhpryh lw153
Pruh wkdq rqh shulrg dkhdg/ v|vwhp surshuwlhv/ dqg khqfh wkh wklug surshuw|
dooxghg wr lq Vhfwlrq 5 0 hvvhqwldoo|/ wkh ghjuhh ri suhglfwdelolw| ri wkh wkh ixqgd0
phqwdo 0 ehfrph fuxfldo1 Frlqwhjudwlrq lpsolhv wkdw d vhw ri yduldeohv zlwk/ dv lq
rxu fdvh/ d vlqjoh vwrfkdvwlf wuhqg/ kdyh iruhfdvw yduldqfhv zklfk/ ryhu vx!flhqwo|
orqj krul}rqv/ pxvw eh grplqdwhg e| wkh vdph whupv +vlqfh orqj krul}rq yduldqfh
lv grplqdwhg e| wkh xqfhuwdlqw| lq wkh ohyho ri wkh vwrfkdvwlf wuhqg/ zklfk lv dw
ohdvw ri wkh vdph rughu dv wkh iruhfdvw krul}rq54/ zklovw wkh yduldqfh ri wkh frlq0
whjudwlqj uhodwlrqv jrhv wr d qlwh olplw,1 Wklv lpsolhv wkdw d qrlv| vhulhv/ olnh
wkh vwrfn sulfh pd| dftxluh/ yld v|vwhp surshuwlhv/ vrph ri wkh suhglfwdelolw| ri
wkh rwkhu vhulhv lq wkh v|vwhp1 Wkh frqglwlrq wkdw wklv khosv orqj0uxq suhglfwlrq/
uhodwlyh wr wkh udqgrp zdon fdvh/ lv xowlpdwho| wkdw wkh frpprq vwrfkdvwlf wuhqg
ri wkh frlqwhjdwhg v|vwhp vkrxog kdyh orzhu yduldqfh wkdq wkh vwrfn sulfh lwvhoi1
Dsshqgl{ F ghvfulehv wkh phwkrgrorj| e| zklfk zh ghulyh hvwlpdwhv ri iruh0
fdvw yduldqfh iru wkh jhqhudo fdvh1 Wklv wxuqv rxw wr eh d qrqwulyldo h{huflvh lq wkh
fdvh ri dq lqwhjudwhg v|vwhp1 D vlpsolhg h{dpsoh pd| krzhyhu khos wr looxvwudwh
wkh surfhvv1
Vxssrvh wkdw lq htxdwlrqv +514, dqg+515, wkh ixqgdphqwdo/ s lv dq lqghshqghqw
xqlw urrw surfhvv +q ’ f,/ dqg wkdw 0
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
| / zkhuh 0
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| dqg 0

| duh lqghshqghqw
lqqqrydwlrqv +vxfk d v|vwhp lv lqghhg qrw idu uhpryhg iurp wkh hvwlpdwhg v|vwhp,1
Wkh v|vwhp fdq wkhq eh h{suhvvhg lq wkh iroorzlqj irup=
| ’ f n |3 n 0

| +715,
{s| ’ qJ n 0
s
| +716,
53Zh glvfxvv wklv lvvxh ixuwkhu ehorz lq Vhfwlrq :1
54Zh vkrz ehorz wkdw li wkhuh li doorzdqfh lv pdgh iru sdudphwhu xqfhuwdlqw|/ wkhvh lpso|
whupv zklfk duh txdgudwlf lq wkh iruhfdvw krul}rq1
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zkhuh | ’ R|  s|/ f ’ kf  qf/ dqg  ’  n kE	 1
Wkh ohyho ri RAn/ wkh ohyho ri wkh vwrfn sulfh  shulrgv diwhu wkh qdo revhu0
ydwlrq/ A / zloo eh jlyhq e|=
RAn ’ sAn n An
’ sA n qfn
[
'f
0sAn n 

A n
[
'
3 0

An n
3[
'f
f +717,
Zulwh RAnA iru wkh rswlpdo iruhfdvw ri RAn pdgh dw wlph A +l1h1li wkh wuxh
prgho lv nqrzq, dqg eRAnA iru wkh rswlpdo iruhfdwv ri RAn pdgh dw wlph A zkhq
rqh hvwlpdwhv sdudphwhuv rq wkh edvlv ri lqirupdwlrq nqrzq dw A 1 Wkhq
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zkhuh eqfc efc e duh hvwlpdwhv ri qfc fc dqg  pdgh rq edvlv ri lqirupdwlrq
dydlodeoh dw wlph A 1 Wkhq wkh suhglfwlrq huuru
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D
n sdudphwhu fryduldqfh whupv
Wkhuh lv d fuxfldo glfkrwrp| ehwzhhq wkh uroh ri xqfhuwdlqw| lq wkh ixqgd0
phqwdo/ dqg lq / wkh ydoxdwlrq fulwhulrq +zklfk pljkw eh ^/ exw pljkw htxdoo|
eh vrph dowhuqdwlyh fulwhulrq,1 Wkh yduldqfh ri wkh ixqgdphqwdo kdv dq lpsdfw
zklfk fxpxodwhv ryhu wlph= rqh whup dw udwh / dqrwkhu +wkh lpsdfw ri sdudphwhu
4:
xqfhuwdlqw| lq wkh guliw/ q
f
, dw d udwh ri 21 Lq frqwudvw/ zklovw wkh whupv lqyroylqj
xqfhuwdlqw| lq wkh surfhvv ghwhuplqlqj  duh olnho| wr grplqdwh lq wkh vkruw uxq
+dv wkh rqh0shulrg0dkhdg h{dpsoh looxvwudwhv,/ doo jr wr qlwh olplwv/ ru }hur/ dv 
lqfuhdvhv155
Htxdwlrq +71:, dovr eulqjv rxw wkh lpsruwdqfh ri wkh wklug ghvludeoh fkdudf0
whulvwlf ri dq| ydoxdwlrq fulwhulrq= wkdw wkh ixqgdphqwdo eh uhodwlyho| suhglfwdeoh1
Wkh uvw wzr whupv uh hfw wkh idfw wkdw dq| v|vwhp zklfk kdv d frpprq L+4,
wuhqg pxvw kdyh d iruhfdvw huuru yduldqfh zklfk h{sdqgv lqghqlwho|/ exw wkh udwh
dw zklfk lw h{sdqgv zloo eh ghwhuplqhg e| j2s / wkh xqfhuwdlqw| ri wkh ixqgdphq0
wdo156 Pruh jhqhudoo|/ li lqqrydwlrqv wr wkh ixqgdphqwdo duh qrw ruwkrjrqdo wr
wkrvh wr y/ wkh frqglwlrq uhodwhv wr wkh xqfhuwdlqw| ri wkh vwrfkdvwlf wuhqg +ru
wuhqgv, zklfk gulyh wkh v|vwhp1
81 Frpsdulqj Frqghqfh Lqwhuydov iurp wkh Frlqwhjudwlqj
YDU dqg wkh Udqgrp Zdon lq Qrupdo Flufxpvwdqfhv=
Wkh Jrrg Qhzv Derxw Orqj0Uxq Vwrfn Pdunhw Uhwxuqv
Fkduw 6 vkrzv <3( frqghqfh lqwhuydov iru vwrfn sulfh iruhfdvwv iurp wkh yhuvlrq
ri wkh frlqwhjudwlqj YDU vkrzq lq Wdeoh 9 +zlwk o ’ 2/ dqg t dv rqh ri wkh frlq0
whjudwlqj uhodwlrqv57,/ dqg iurp wkh udqgrp zdon prgho/ duwlfldoo| frqvwuxfwhg
rq wkh dvvxpswlrq wkdw ^ zdv dw lwv dyhudjh ydoxh dw hqg04<<:1 Zh surfhhg lq wklv
zd| ehfdxvh/ iru wkh prphqw/ zh zlvk wr irfxv vroho| rq wkh frqwudvw ehwzhhq
wkh wzr prghov xqghu qrupdo flufxpvwdqfhv/ zklfk frphv grzq wr glhuhqfhv
ehwzhhq wkh zlgwk ri wkh frqghqfh lqwhuydov wkh| jhqhudwh> lq wkh qh{w vhfwlrq
zh vkdoo jr rq wr dqdo|vh wkh glhuhqfhv xqghu wkh vshflf flufxpvwdqfhv jlyhq
e| dfwxdo hqg04<<: ydoxhv ri ^ 0 wklv lq wxuq lv gulyhq sulpdulo| e| glhuhqfhv
ehwzhhq srlqw iruhfdvwv158
55Vwulfwo| vshdnlqj wklv lv rqo| wkh fdvh iru whupv zklfk frqglwlrq rq sdudphwhuv1 Jlyhq sd0
udphwhu xqfhuwdlqw| wkhuh pxvw dozd|v eh d qrq0}hur suredelolw|/ lq d g|qdplf prgho/ wkdw wkh
wuxh sdudphwhuv kdyh ydoxhv zklfk lpso| wkdw wkh surfhvv pd| lq idfw eh qrqvwdwlrqdu|1 W|s0
lfdoo| wklv sureohp lv dgguhvvhg e| dsso|lqj ghowd phwkrg dssur{lpdwlrqv wr wkh glvwulexwlrqv
ri qrq0olqhdu ixqfwlrqv ri sdudphwhuv/ dvvxplqj glhuhqwldelolw| ri wkh ixqfwlrq1 Zh dsso| wkh
vdph whfkqltxh lq Dsshqgl{ F1
56Vlqfh wkh uvw wzr whupv fdq eh vlpsolhg wr wkh h{suhvvlrq 5i +k.
k5
W
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57Wkh prgho lq Wdeoh :/ zlwk u @ 4/ dqg t dv wkh vroh frlqwhjudwlqj uhodwlrq/ jlyhv uhvxowv
zklfk duh yhu| vlplodu1
58Vwulfwo| vshdnlqj lw vkrxog eh qrwhg wkdw hyhq lq qrupdo flufxpvwdqfhv +zkhq t lv dw lwv dyhu0
djh ydoxh, wkh srlqw iruhfdvwv ri wkh wzr v|vwhpv zloo glhu/ vlqfh wkh hvwlpdwhg guliw sdudphwhuv
4;
Wkh h{wuhph qdwxuh ri wkh xqfhuwdlqw| vxuurxqglqj wkh udqgrp zdon iruh0
fdvwv lv lpphgldwho| hylghqw iurp Fkduw 61 Zklovw wkh hvwlpdwhg guliw sxoov wkh
frqghqfh lqwhuydo xszdugv ryhu wlph/ wkh ghjuhh ri xqfhuwdlqw| vxuurxqglqj wkh
iruhfdvw lqfuhdvhv hyhq pruh udslgo|/ vxfk wkdw wkh <3( orzhu erxqg idoov lqwr wkh
lqghqlwh ixwxuh1 Wkh frqghqfh lqwhuydov duh xowlpdwho| olqhdu lq wkh iruhfdvw
krul}rq +gxh wr wkh txdgudwlf whup lq  lq wkh iruhfdvw yduldqfh 0 vhh htxdwlrq
71:,/ dv sdudphwhu xqfhuwdlqw| frphv wr grplqdwh doo rwkhu irupv ri xqfhuwdlqw|1
Wklv olqhdu whup rxwzhljkv wkh lpsdfw ri wkh guliw rq wkh orzhu erxqg1 Wkxv
wkhuh lv d srvlwlyh suredelolw| ri uhdo fdslwdo orvvhv ryhu dq lqqlwh krul}rq1 Wklv
suredelolw| lv qrq0wulyldo/ dw durxqg 44(1 Dw qlwh krul}rqv/ wklv suredelolw| lv
glvwlqfwo| odujhu= wkhuh lv d 65( suredelolw| ri uhdo fdslwdo orvv ryhu d wzhqw| |hdu
krul}rq/ ghfolqlqj rqo| judgxdoo| wr mxvw xqghu 53( ryhu d 83 |hdu krul}rq1
Lq frqwudvw/ zklovw wkh frqghqfh lqwhuydo jhqhudwhg e| wkh frlqwhjudwlqj YDU
lv yhu| vlplodu wr wkdw ri wkh udqgrp zdon prgho ryhu krul}rqv ri xs wr 5 wr
6 |hduv/ wklv udslg h{sdqvlrq lv gulyhq odujho| e| wkh vwdwlrqdu| frpsrqhqw ri
wkh iruhfdvw yduldqfh1 Dv wklv whqgv wrzdugv lwv olplw/ wkh udwh ri lqfuhdvh ri wkh
frqghqfh lqwhuydo idoov edfn wr wkdw ri wkh vwrfkdvwlf wuhqg lq wkh v|vwhp/ zklfk
lv fohduo| pdunhgo| pruh suhglfwdeoh wkdq lv wkh vwrfn sulfh1 Fuxfldoo|/ wkh olqhdu
whup +dulvlqj iurp sdudphwhu xqfhuwdlqw|,/ zklfk xowlpdwho| gulyhv wkh frqghqfh
lqwhuydov/ lv vpdoohu wkdq wkh guliw lq wkh vwrfkdvwlf wuhqg/ vr wkdw/ zklovw wkh
lqwhuydo frqwlqxhv wr h{sdqg lqghqlwho| dv wkh krul}rq lqfuhdvhv/ wkh <3( orzhu
erxqg fhdvhv wr idoo diwhu vl{ |hduv1 Mxvw dv lq wkh udqgrp zdon fdvh/ ryhu dq
lqqlwh iruhfdvw krul}rq/ wkhuh lv d qrq0}hur suredelolw| ri fdslwdo orvv/59 exw wklv
suredelolw| lv wulyldoo| vpdoo1 Ryhu qlwh krul}rqv/ wkh suredelolw| ri fdslwdo orvv
lv vwloo qrqwulyldo/ dowkrxjk pdunhgo| orzhu wkdq lq wkh udqgrp zdon fdvh1 Wkh
suredelolw| ri d uhdo fdslwdo orvv ryhu d wzhqw| |hdu krul}rq lv rqo| 49(/ ghfolqlqj
wr ;( dw d 63 |hdu krul}rq/ dqg ohvv wkdq 5( ryhu d iw| |hdu krul}rq1
Wklv/ wkhq/ lv wkh jrrg qhzv derxw orqj0uxq vwrfn pdunhw uhwxuqv1 Zklovw
vwrfn pdunhw uhwxuqv duh fohduo| ulvn|/ wkh xqfhuwdlqw| vxuurxqglqj wkhvh uhwxuqv
fdq eh uhgxfhg vljqfdqwo| e| h{sorlwlqj wkh yduldqfh uhgxfwlrq ri wkh frlqwhjudwhg
v|vwhp/ vxfk wkdw wkh dvvrfldwhg suredelolwlhv ri fdslwdo orvv dsshdu frqvlghudeo|
pruh lq olqh zlwk wkh vwrfnv iru wkh orqj uxq ylhz ri Vlhjho +4<<7,/ dqg wkh
frqvhqvxv ylhz ri lqyhvwphqw sudfwlwlrqhuv1
zloo glhu1 Exw wkhvh glhuhqfhv duh wulyldo lq frpsdulvrq zlwk wkh glhuhqfhv lq yduldqfh1
59Vlqfh/ iru dq| fkrvhq ohyho ri suredelolw|/ wkhuh zloo eh dq dvvrfldwhg orzhu erxqg wr wkh
uhohydqw frqghqfh lqwhuydo/ wkh qhjdwlyh olqhdu wuhqg lq zklfk suhflvho| rvhwv wkh guliw lq wkh
vwrfkdvwlf wuhqg1
4<
91 1111 Exw Flufxpvwdqfhv duh Idu iurp Qrupdo= Wkh Edg
Qhzv Derxw Orqj0Uxq Vwrfn Pdunhw Uhwxuqv
Wkxv idu zh kdyh irfxvvhg vroho| rq glhuhqfhv lq iruhfdvw xqfhuwdlqw| ehwzhhq
wkh udqgrp zdon prgho dqg wkh frlqwhjudwlqj YDU1 Wklv jhqhudwhv vroho| jrrg
qhzv iru wkh jhqhudo fdvh/ vlqfh wkh YDU grhv qrw vljqlfdqwo| fkdqjh wkh lpsolhg
guliw lq uhdo vwrfn sulfhv +dqg khqfh/ iru jlyhq glylghqg |lhog/ wkh h{shfwhg wrwdo
uhwxuq,/ exw grhv uhgxfh lwv yduldqfh1 Krzhyhu/ wkh fruroodu| ri wklv jrrg qhzv
lv wkh lpsolfdwlrq wkdw vxfk uhgxfhg yduldqfh fdq rqo| eh dfklhyhg e| h{sorlwlqj
^*v delolw| wr iruhfdvw deryh0dyhudjh uhwxuqv zkhq ^ lv ehorz dyhudjh/ dqg ehorz0
dyhudjh uhwxuqv zkhq ^ lv deryh dyhudjh1 Dw wkh wlph ri zulwlqj/ wklv lpsolhv
glvwlqfwo| edg qhzv15:
Dv qrwhg lq Vhfwlrq 616/ dv ri hqg04<<: ^ zdv dw dq klvwrulfdoo| h{wuhph ydoxh/
frpsdudeoh rqo| wr wkdw vhhq wklv fhqwxu| lq odwh 4<5<1 Urxjko| vshdnlqj/ wklv
ydoxh lpsolhv +lq srlqw0hvwlpdwh whupv, d wzr0irog ryhuydoxdwlrq 0 d jxuh frp0
sdudeoh wr wkh hvwlpdwhv ri Fdpsehoo dqg Vkloohu +4<<;,/ xvlqj wkh glylghqg |lhog
dqg wkh sulfh0hduqlqjv pxowlsoh1 Wkh lpsolfdwlrq/ lq wkh frqwh{w ri wkh frlqwhjudw0
lqj YDU/ lv ri pdmru glhuhqfhv lq srlqw iruhfdvwv iurp wkh udqgrp zdon prgho/
ryhu d odujh qxpehu ri |hduv1 Jlyhq wkh glhuhqfhv lq frqghqfh lqwhuydov/ wkhvh
glhuhqfhv/ dqg khqfh wkh ghjuhh ri ryhuydoxdwlrq/ duh dovr vwdwlvwlfdoo| vljqlfdqw1
Fkduw 7 uhshdwv wkh frpsdudwlyh h{huflvh ri wkh suhylrxv fkduw/ exw ihhglqj
wkh hqg04<<: ydoxhv lqwr wkh v|vwhp1 Wkh srlqw iruhfdvw dqg frqghqfh lqwhuydo
iru wkh udqgrp zdon prgho duh ri frxuvh pryhg e| d sdudooho vkliw> exw wkh srlqw
iruhfdvwv iurp wkh frlqwhjudwhg YDU duh udglfdoo| glhuhqw15; Jlyhq wkh qrlvlqhvv
dqg shuvlvwhqfh ri wkh vwrfn sulfh wkhuh lv +dv zdv qrwhg lq wkh glvfxvvlrq ri wkh
xqlyduldwh surshuwlhv ri ^ lq Vhfwlrq 616, d qrqwulyldo suredelolw| wkdw vwrfn sulfhv
zloo ulvh lq uhdo whupv/ exw wkh exon ri wkh lqwhuydo olhv ehorz }hur/ dqg wkh <3(
orzhu erxqg olhv zhoo ehorz wkdw iurp wkh udqgrp zdon prgho iru ryhu whq |hduv1
Fkduw 8 eulqjv rxw wkh glhuhqfhv lq lpsolhg suredelolwlhv ri pdunhw idoov eh0
wzhhq wkh wzr prghov/ zklfk fdqqrw eh uhdg lq d vlpsoh pdqqhu iurp Fkduw 71
5:Dv ri 49 Vhswhpehu/ 4<<;/ wkh Grz Mrqhv Lqgh{ vwrrg dw durxqg ;/333/ yhu| forvh wr lwv
ohyho dw hqg04<<: 0 khqfh wkh ghjuhh ri ryhuydoxdwlrq/ dv jlyhq e| t zdv suhvxpdeo| yhu| vlplodu1
5;Wkh frqghqfh lqwhuydov duh dovr +pdujlqdoo|, zlghu/ vlqfh rqh ri wkh zd|v sdudphwhu xq0
fhuwdlqw| ihhgv lqwr wkh yduldqfh fdofxodwlrq lv d ixqfwlrq ri wkh h{whqw ri wkh ghyldwlrq ri wkh
odvw revhuydwlrq iurp lwv klvwrulf dyhudjh +lq wkh looxvwudwlyh h{dpsoh/ wklv lv htxlydohqw wr wkh
wklug whup lq Htxdwlrq +71:,,1 Exw wklv whup lv qrw odujh/ dqg/ vlqfh lw lqyroyhv d whup lq k
4
+ru/
lq wkh ixoo v|vwhp/ d whup lq +L .,k 0 vhh Dsshqgl{ F, lw dovr ghfd|v wr }hur idluo| udslgo| dv
k lqfuhdvhv1
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Wkh fkduw vkrzv wkdw/ xvlqj wkh YDU/ wkh suredelolw| ri d idoo lq uhdo vwrfn sulfhv
ulvhv iurp durxqg :3( dw d rqh |hdu krul}rq/ wr d shdn ri durxqg ;8( dw d krul0
}rqv ri 90; |hduv1 Wkhuhdiwhu lw ghfolqhv rqo| judgxdoo|= hyhq ryhu d wkluw| |hdu
krul}rq wkhuh lv qrw txlwh dq hyhq fkdqfh ri uhdo fdslwdo jdlqv1
Lw vkrxog eh vwuhvvhg wkdw wkh prgho lv qrw suhglfwlqj d fudvk +lw zrxog dujxdeo|
lpso| dq lpsodxvleoh ghjuhh ri ylrodwlrq ri wkh sulqflsoh ri h!flhqw pdunhwv li lw
zhuh,/ exw udwkhu d surorqjhg shulrg ri qhjdwlyh sulfh fkdqjhv 0 d vhfxodu ehdu
pdunhw zklfk zrxog xqzlqg d vljqlfdqw sduw/ exw e| qr phdqv doo wkh jdlqv vhhq
lq wkh vhfxodu exoo pdunhw ri wkh 4<;3v dqg 4<<3v1 Lq sduw wklv suroh lv gulyhq e|
wkh lqhylwdeoh vprrwkqhvv ri hfrqrphwulf iruhfdvwv/ exw vxfk dq rxwfrph zrxog
qrw lq idfw eh rxw ri olqh zlwk sdvw dgmxvwphqwv wr ryhuydoxwlrqv/ zklfk kdyh
+frqwudu| shukdsv wr wkh jhqhudo shufhswlrq, dovr whqghg wr eh surorqjhg/ udwkhu
wkdq udslg1 Wkh prvw h{wuhph h{dpsoh +dqg dujxdeo| qrw luuhohydqw, lv wkdw ri
wkh dgmxvwphqw wr wkh ryhuydoxdwlrq ri 4<5<= wkh uhdo vkduh sulfh glg qrw h{fhhg
lwv ohyho lq Dxjxvw 4<5< +wkh shdn, xqwlo wkh hqg ri 4<88/ wzhqw|0vl{ |hduv odwhu1 5<
Pruh uhfhqw h{dpsohv 0 prvw qrwdeo| wkdw ri wkh Mdsdqhvh vwrfn pdunhw lq uhfhqw
|hduv +vhh Iuhqfk ) Srwhued +4<<4,, 0 zrxog dovr vhhp vlplodu lq qdwxuh/ li qrw
+|hw, vr h{wuhph lq gxudwlrq1
Dqrwkhu zd| wr sxw wklv lq frqwh{w lv wr qrwh wkh lpsolfdwlrq ri erwk rxu rzq
hvwlpdwhv/ edvhg rq ^/ dqg wkrvh ri rwkhuv/ vxfk dv Fdpsehoo dqg Vkloohu +4<<;,/
edvhg rq rwkhu ydoxdwlrq fulwhuld/ wkdw/ dw ohdvw dv d srlqw hvwlpdwh/ wkh XV vwrfn
pdunhw lv urxjko| wzlfh ryhuydoxhg1 Wklv lv htxlydohqw wr ehwzhhq wzhqw| dqg
wkluw| |hduv* zruwk ri jurzwk dw klvwrulf dyhudjh udwhv63 0 lpso|lqj wkdw lw zrxog
wdnh wklv orqj iru wkh uhdo vkduh sulfh wr uhjdlq fxuuhqw ydoxhv/ hyhq li doo ri wkh
dgmxvwphqw fdph lq wkh frxuvh ri d vlqjoh |hdu1
Ri frxuvh/ wkhvh hvwlpdwhv duh rqo| dv jrrg dv wkh prgho wkh| duh ghulyhg
iurp1 Wkh glvfxvvlrq lq Vhfwlrq 717 vxjjhvwv wkdw wkhuh lv d qrq0}hur suredelolw|/
doehlw idluo| orz/ wkdw rxu uhvxowv duh hqwluho| vsxulrxv +dqg/ ri frxuvh/ lpsolflwo|/
5<Lq whupv ri wkh phwulf Vlhjho +4<<7, xvhv wr dvvhvv wkh shuirupdqfh ri wkh vwrfn pdunhw/ wklv
vwdwlvwlf lv xqgxo| kduvk/ vlqfh lw grhv qrw wdnh lqwr dffrxqw wkh frqwulexwlrq ri glylghqgv wr wkh
wrwdo uhwxuq rq vwrfnv1 Suredeo| wkh prvw idyrxudeoh oljkw zklfk fdq eh vkhg rq wklv shulrg
zrxog eh wr qrwh wkdw dq lqyhvwru rqo| kdg wr zdlw vl{whhq |hduv wr dfklhyh d srvlwlyh uhdo uhwxuq
rq vwrfnv/ frpsduhg wr wkh shdn lq Dxjxvw 4<5<1 Kh ru vkh zrxog dovr kdyh qhhghg wr zdlw
wkh vdph dprxqw iru dq dyhudjh sruwirolr ri htxlwlhv wr rxwshuirup kroglqj wuhdvxu| eloov/ dqg
wzhqw|0wzr |hduv wr rxwshuirup jryhuqphqw erqgv1
63Wkh orzhu jxuh lv ghulyhg iurp wkh dyhudjh jurzwk udwh ri uhdo vkduh sulfhv> wkh odwwhu iurp
wkh hvwlpdwhg jurzwk udwh ri wkh vwrfkdvwlf wuhqg lq wkh frlqwhjudwhg v|vwhp1 Wklv odwwhu lv orzhu
vlqfh lw lpsolflwo| dgmxvwv iru ryhuydoxdwlrq dw wkh hqg ri wkh vdpsoh shulrg1
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wkrvh ri wkh pdq| rwkhu uhvhdufkhuv zkr kdyh frqwulexwhg wr wkh hduolhu olwhudwxuh
zh gudz rq,1 Exw li ydoxdwlrq fulwhulrq0edvhg prghov duh wr eh uhmhfwhg/ zh pxvw
idoo edfn rq wkh udqgrp zdon prgho/ ru vrph qhdu uhodwlyh wkhuhri1 Exw/ dv qrwhg
suhylrxvo|/ lq wkdw fdvh lw lv yhu| kdug wr dffhsw wkh lghd ri vwrfnv dv rhulqj d
vdih orqj whup lqyhvwphqw +hvshfldoo| zkhq lqgh{hg dvvhwv qrz h{lvw,1 Fkduw 8
vkrzv wkdw/ zklovw wkh udqgrp zdon prgho dozd|v rhuv ehwwhu0wkdq0hyhq fkdqfhv
ri uhdo fdslwdo dssuhfldwlrq/ wkh suredelolw| ri uhdo orvvhv lv vxevwdqwldo ryhu doo
krul}rqv/ dqg dfwxdoo| frlqflghv zlwk wkdw ghulyhg iurp wkh YDU/ dw d krul}rq ri
83 |hduv1
Khqfh hyhq wklv srvvlelolw| rhuv yhu| olplwhg uhdvvxudqfh1 Li rxu uhvxowv duh
glvfdughg/ wkh jrrg qhzv/ dv zhoo dv wkh edg qhzv/ derxw orqj0uxq vwrfn pdunhw
uhwxuqv pxvw eh glvfdughg wrr= wkh| duh lq hhfw d mrlqw surgxfw1
:1 Zkdw gr rxu Uhvxowv Whoo Xv Derxw Pdunhw H!flhqf|B
Zh kdyh yhu| gholehudwho| uhvwulfwhg rxuvhoyhv/ wkxv idu/ wr qrwlqj wkh lqfrqvlvwhqf|
ri rxu uhvxowv zlwk wkh udqgrp zdon uhsuhvhqwdwlrq ri vwrfn sulfhv> zh kdyh qrw
gudzq dq| fohdu0fxw frqfoxvlrqv dv wr wkh lpsolfdwlrqv iru pdunhw h!flhqf| shu vh1
Lq sduw wklv lv ehfdxvh/ dv Fdpsehoo hw do +rs1 flw1, srlqw rxw/ hpslulfdo whvwv ri
h!flhqf| duh vr kdug wr lqwhusuhw/ vlqfh wkh| duh dozd|v whvwv ri mrlqw k|srwkhvhv1
Qrqhwkhohvv/ zh ihho wkdw rxu uhvxowv/ zklovw qrw frqfoxvlyh rq wklv lvvxh/ duh
dw ohdvw vxjjhvwlyh1 D orjlfdo frqfoxvlrq ri rxu uhvxowv lv wkdw wkh suhglfwdelolw|
ri uhwxuqv t surylghv/ zrxog/ ryhu vx!flhqwo| orqj shulrgv/ hqdeoh dq lqyhvwru wr
dfklhyh kljkhu dyhudjh uhwxuqv wkdq li kh ru vkh vlpso| iroorzhg wkh xvxdo ex|0
dqg0krog vwudwhj|1 Wkh h{lvwhqfh ri vxfk d wudglqj uxoh fdq eh lqwhusuhwhg +dv lq
Mhqvhq +4<:;,, dv lqglfdwlyh ri d idloxuh ri h!flhqf|1
Rqh srvvleoh uhvsrqvh wr wklv lv wr dvvhuw wkdw dq| dssduhqw h{fhvv uhwxuqv
hduqhg e| vxfk d wudglqj uxoh duh lq idfw looxvru|1 Wklv uhvsrqvh zrxog dvvhuw wkdw
t lv hvvhqwldoo| sod|lqj wkh vdph uroh dv wkh glylghqg |lhog kdv sod|hg lq pxfk sdvw
uhvhdufk/ zklfk kdv dvvxphg wkdw wkh srzhu ri wkh glylghqg |lhog lq suhglfwlqj
uhwxuqv dulvlqj iurp udwlrqdo h{shfwdwlrqv ri ixwxuh wlph0ydu|lqj h{shfwhg uhwxuqv1
Fhuwdlqo|/ dv zh kdyh qrwhg/ wkhuh lv d fohdu uhodwlrqvkls ehwzhhq rxu uhvxowv
dqg sdvw uhvhdufk xvlqj erwk wkh glylghqg |lhog dqg wkh sulfh0hduqlqjv pxowlsoh1
E| vlpsoh pdqlsxodwlrq/ lw lv vwudljkwiruzdug wr uhodwh t erwk wr wkh glylghqg
|lhog dqg wr wkh s2h=
^ ’ 4. ’
4Z
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zkhuh 4 lv wkh uhwxuq rq frusrudwh qhw zruwk/ SH lv wkh sulfh0hduqlqjv pxowlsoh/
Z lv wkh sd|rxw udwlr/ dqg G\ lv wkh glylghqg |lhog1 Dv qrwhg deryh/ wkh orqj0whup
lqvwdelolw| ri Z khosv wr h{sodlq zk| wkh glylghqg |lhog grhv qrw orrn vwdwlrqdu|1
Exw vlqfh 4 dqg Z duh uhodwlyho| vprrwk lq wkh vkruw uxq/ lw lv qrw vxusulvlqj wkdw
t dqg G\ vkduh vrph wlph vhulhv surshuwlhv1 Wkhuhiruh/ dffruglqj wr wkh orjlf ri
wkh wlph0ydu|lqj h{shfwhg uhwxuqv k|srwkhvlv/ rxu uhvxowv frxog eh frqvlvwhqw zlwk
pdunhw h!flhqf| 0 dq| h{fhvv uhwxuqv hduqhg zrxog suhflvho| rvhw wkh lpsdfw ri
fkdqjhv lq wkh h{shfwhg udwh ri uhwxuq1 Rq forvhu h{dplqdwlrq/ krzhyhu/ lw dsshduv
kdug wr uhfrqfloh wklv dujxphqw zlwk rxu uhvxowv/ hvshfldoo| lq wkh flufxpvwdqfhv
dw wkh wlph ri zulwlqj1
Zh kdyh qrwhg wkdw rxu hvwlpdwhg v|vwhp lv fxuuhqwo| iruhfdvwlqj qrw mxvw orz
uhwxuqv/ exw/ zlwk kljk suredelolw|/ uhwxuqv zklfk duh qhjdwlyh lq uhdo whupv lq d
qxpehu ri |hduv164 E| wkh orjlf ri wkh wlph0ydu|lqj h{shfwhg uhwxuqv k|srwkhvlv/
wkhvh suhglfwhg uhwxuqv pxvw eh uhodwhg +doehlw lpshuihfwo|/ vlqfh wkh| duh ghulyhg
iurp d prgho zklfk kdv ehhq hvwlpdwhg ryhu d qlwh vdpsoh 0 vhh Fdpsehoo hw
do/ Fk :, wr wkh h{shfwhg uhwxuqv zklfk duh suhvxphg wr eh gulylqj wkh v|vwhp1
Khqfh wkhvh wrr pxvw eh suhvxphg wr eh qhjdwlyh lq wkhvh |hduv1
Lv lw sodxvleoh wkdw xqghuo|lqj h{shfwhg uhwxuqv vkrxog eh qhjdwlyhB Li wkhvh
duh ehlqj gulyhq e| ghhs suhihuhqfh sdudphwhuv/ lw lv xvxdo wr dvvxph wkdw vwdelolw|
zrxog uhtxluh wkdw/ dw ohdvw lq vwhdg| vwdwh/ h{shfwhg uhwxuqv pxvw eh srvlwlyh1
Lq sulqflsoh wklv pljkw qrw uxoh rxw qhjdwlyh h{shfwhg uhwxuqv lq wkh vkruw whup1
Wkxv/ lw lv +mxvw, srvvleoh wr uhfrqfloh rxu uhvxowv iru/ iru h{dpsoh/ wkh 4<:3v/ zlwk
wlph0ydu|lqj h{shfwhg uhwxuqv1 Wklv zdv d shulrg ri kljk xqfhuwdlqw|/ zklfk/ dv
d jhqhudo htxloleulxp uhvxow/ fdq eh h{shfwhg wr gulyh grzq h{shfwhg uhwxuqv/ yld
wkh suhfdxwlrqdu| prwlyh1 Lw zdv dovr/ fuxfldoo|/ d shulrg lq zklfk wkhuh h{lvwhg
qr vdih dvvhw/ vlqfh qrplqdoo| ghqrplqdwhg erqgv dqg eloov zhuh vxemhfw wr
vljqlfdqw uhdo xqfhuwdlqw| gxh wr xqsuhglfwdelolw| lq lq dwlrq165
Lq fxuuhqw flufxpvwdqfhv/ krzhyhu/ rqh grhv qrw qhhg wr dgguhvv wkh lvvxh lq
whupv ri ghhs suhihuhqfh sdudphwhuv/ exw vlpso| lq whupv ri udwlrqdolw|1 Lq dwlrq
xqfhuwdlqw| lv fxuuhqwo| dw d yhu| orz ohyho/ vr wkdw qrplqdoo| ghqrplqdwhg dvvhwv
duh yhu| pxfk forvhu wr ehlqj vdih wkdq wkh| zhuh lq vrph hduolhu shulrg1 Exw lq
64Dowkrxjk zh prgho rqo| wkh fdslwdo dssuhfldwlrq hohphqw/ wkhuh lv d kljk suredelolw| ri
fdslwdo orvvhv zklfk duh vx!flhqwo| odujh wkdw qr vwdwlvwlfdoo| suredeoh fkdqjh lq glylghqgv
frxog rvhw wkh lpsdfw rq wrwdo uhdo uhwxuqv1
65Lw vkrxog eh vdlg wkdw zh duh qrw frqylqfhg wkdw hyhq wklv dujxphqw fdq orjlfdoo| eh ghihqghg
rq forvhu h{dplqdwlrq1 t uhdfkhg d shdn lq wkh odwh 4<93v/ dw zklfk srlqw wkh v|vwhp zdv
suhglfwlqj qhjdwlyh uhdo uhwxuqv1 Wklv suhfhghg wkh pdmru pdfurhfrqrplf vkrfnv zklfk klw lq
wkh hduo| 4<:3v/ zklfk duh jhqhudoo| dvvxphg qrw wr kdyh ehhq suhglfwhg1
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dgglwlrq/ d wuxo| vdih dvvhw grhv qrz h{lvw/ lq wkh irup ri lqgh{hg erqgv/ zklfk/
ryhu d whq |hdu krul}rq/ rhu uhdo uhwxuqv zklfk duh jxdudqwhhg wr eh srvlwlyh1
Qr udwlrqdo lqyhvwru zrxog krog vwrfnv zklfk zhuh h{shfwhg wr |lhog vxevwdqwldoo|
qhjdwlyh uhwxuqv/ jlyhq wkh h{lvwhqfh ri dq dowhuqdwlyh dvvhw lq wklv irup1
Gr rxu grxewv dv wkh ydolglw| ri wkh wlph0ydu|lqj h{shfwhg uhwxuqv k|srwkhvlv
wkhuhiruh qhfhvvdulo| ohdg rq wr d uhmhfwlrq ri h!flhqf| dv dq h{sodqdwlrq iru rxu
uhvxowvB Lq vrph vhqvh zh wklqn lw pxvw/ exw lq dvvhuwlqj wklv/ zh zrxog zlvk wr eh
fdxwlrxv lq rxu xvh ri wkh whup h!flhqf|1 Rqh sdudgr{lfdo dvshfw ri wkh wlph0
ydu|lqj h{shfwhg uhwxuqv k|srwkhvlv lv wkdw/ dujxdeo|/ lq surylglqj dq dssduhqw
uhfrqfloldwlrq ri suhglfwdelolw| ri uhwxuqv zlwk ixoo lqirupdwlrqdo h!flhqf|/ lw lv
doprvw wrr vxffhvvixo/ vlqfh lw ljqruhv wkh wkhruhwlfdo fdyhdwv rq wkh olplwdwlrqv ri
ihdvleoh lqirupdwlrqdo h!flhqf| lqlwldwhg e| Jurvvpdq dqg Vwljolw} +4<;3,1 Wkh
orjlf ri wklv olwhudwxuh lv wkdw zh vkrxog h{shfw wr vhh vrph euhdfkhv ri ixoo lqiru0
pdwlrqdo h!flhqf|/ dv orqj dv vxfk euhdfkhv duh qrw vx!flhqwo| vljqlfdqw wkdw
wkh| suhvhqw d fohdu rssruwxqlw| iru h{fhvv surwv1
Lw vhhpv wr xv wkdw rxu uhvxowv vlw pruh hdvlo| zlwk wklv frqfoxvlrq/ prvw
hvshfldoo| zkhq rqh wdnhv lqwr dffrxqw wkh lqvwlwxwlrqdo duudqjhphqwv idfhg e|
sod|huv lq wkh qdqfldo lqgxvwu|1 Rxu uhvxowv lpso| wkdw/ iru h{dpsoh/ d shqvlrq
ixqg pdqdjhu zkr xvhg d t0edvhg vwudwhj| zrxog eh deoh wr rxwshuirup klv ru
khu frpshwlwruv rq dyhudjh1 Exw/ lq d zd| zklfk forvho| pluuruv wkh suhglfdphqw
ri wkh udwlrqdo/ exw ulvn0dyhuvh lqyhvwru lq Gh Orqj hw do*v +4<<3, Qrlvh Wudghu
prgho/ vxfk d vwudwhj| zrxog eh vr ulvn| wkdw lw zrxog eh xqolnho| wr eh ihdvleoh1
Zh kdyh qrwhg wkdw rxu prgho lpsolhg d suredelolw| ri durxqg :3( wkdw vwrfn
sulfhv zrxog idoo lq uhdo whupv lq 4<<;1 D ixqg pdqdjhu zkr eholhyhg lq rxu uhvxowv/
dqg pryhg rxw ri vwrfnv lqwr/ iru h{dpsoh/ lqgh{hg erqgv/ ru wuhdvxu| eloov/ zrxog
wkhuhiruh kdyh kdg d :3( suredelolw| ri rxwshuiruplqj klv ru khu frpshwlwruv1 Exw
kh ru vkh zrxog dovr kdyh idfhg/ lq vr grlqj/ d 63( suredelolw| wkdw vwrfnv zrxog
qrw idoo edfn lq uhdo whupv/ dqg khqfh d qrw lqvxevwdqwldo suredelolw| wkdw kh ru
vkh zrxog xqghushuirup frpshwlwruv1 Iru d ixqg pdqdjhu zkr kdv jrqh oltxlg/
dqg zkr lv uhzdughg/ ru sxqlvkhg/ dffruglqj wr uhodwlyh shuirupdqfh/ wklv lpsolhv
d vxevwdqwldo suredelolw| ri orvlqj wkhlu mre166 Rqh grhv qrw qhhg wr dvvxph d yhu|
vxevwdqwldo ghjuhh ri ulvn dyhuvlrq wr pdnh wklv vwudwhj| ghhso| xqdwwudfwlyh iru
wkh dyhudjh ixqg pdqdjhu1
Ri frxuvh wklv dujxphqw ehjv wkh txhvwlrq= zkdw gulyhv sulfhv vx!flhqwo|
idu iurp ixqgdphqwdo ydoxhv wkdw h{shfwhg uhwxuqv ri qhfhvvlw| ehfrph qhjdwlyhB
66Wkhuh kdyh ehhq qrwdeoh h{dpsohv ri wklv rffxuulqj wr ixqg pdqdjhuv zkr glg ghflgh wr jr
oltxlg lq 4<<: dqg hduo| 4<<;1
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Zh kdyh qrwhg wkdw wkh suhglfdphqw ri wkh uhsuhvhqwdwlyh udwlrqdo ixqg pdqdjhu
lq 4<<; zdv txlwh vlplodu wr wkdw ri wkh uhsuhvhqwdwlyh udwlrqdo lqyhvwru lq wkh
Qrlvh Wudghu prgho ri Gh Orqj hw do +rs1 flw1,1 Exw wklv suhglfdphqw rqo|
dulvhv lq wkdw prgho ehfdxvh ri wkh h{lvwhqfh ri djhqwv +doehlw lq sulqflsoh d yhu|
vpdoo qxpehu, zkr duh qrw udwlrqdo/ dq dvvxpswlrq zklfk prvw hfrqrplvwv pxvw
lqvwlqfwlyho| glvolnh1 Krzhyhu/ wklv dvvxpswlrq pljkw dovr eh dujxhg qrw wr eh
fhqwudo wr wkh frqfoxvlrqv ri wkhlu prgho1 Wkh vdph uhvxowv zrxog dovr dulvh li
Qrlvh Wudghuv zhuh udwlrqdo/ exw vlpso| khog glhuhqw ylhzv1 Zh kdyh qrwhg
lq wkh frqwh{w ri rxu rzq uhvxowv wkh gl!fxowlhv ri pdnlqj lqihuhqfhv iurp gdwd
lq vkruw vdpsohv> zh kdyh dovr qrwhg wkdw rxu uhvxowv dsshdu lqfrqvlvwhqw zlwk
frqfoxvlrqv duulyhg dw e| rwkhu dssolhg hfrqrplvwv1 Li dssolhg hfrqrplvwv zkr
vshfldolvh lq wkh hog duh fdsdeoh ri gudzlqj lqihuhqfhv zklfk duh lqfrqvlvwhqw/
lw vkrxog kdugo| eh vxusulvlqj wkdw qrq0vshfldolvwv gr vr dovr 0 hvshfldoo| li wkh
shqdow| iru ehlqj zurqj rqo| hphujhv ryhu orqj vdpsohv167
Rxu whqwdwlyh frqfoxvlrq lv wkhuhiruh wkdw/ zklovw rxu uhvxowv gr dsshdu lq0
frqvlvwhqw zlwk ixoo lqirupdwlrqdo h!flhqf|/ wkh| gr qrw reylrxvo| frq lfw zlwk d
pruh uhdolvwlf qrwlrq ri ihdvleoh h!flhqf|/ frqvlvwhqw zlwk wkhru|1
;1 Frqfoxvlrqv
Li vwrfn sulfhv iroorzhg d udqgrp zdon/ xqfhuwdlqw| derxw ixwxuh vwrfn sulfhv
zrxog eh vr juhdw wkdw wkh revhuyhg eldv wrzdugv htxlwlhv lq orqj0whup lqyhvwphqw
sruwirolrv zrxog eh vxusulvlqj1 Wkh sureohp dulvhv/ hvvhqwldoo|/ ehfdxvh vwrfnv
duh h{fhvvlyho| yrodwloh/ frpsduhg wr wkhlu ixqgdphqwdov1 Exw wkh vrxufh ri wkh
sureohp dovr lpsolhv d uhvroxwlrq1Wkh jrrg qhzv derxw orqj0uxq vwrfn pdunhw
67Lw lv lqwhuhvwlqj wr orrn dw wkh dujxphqw suhvhqwhg lq wklv vhfwlrq lq wkh frqwh{w ri Nrq0\d/
Wvxwvxl ) Vkloohu*v +4<<;, vxuyh| ri lqyhvwphqw surihvvlrqdov ylhzv ri wkh vwrfn pdunhw1 Lq
wkh vhfrqg kdoi ri 4<<:/ 9719( ri uhvsrqghqwv ihow wkdw wkh XV vwrfn pdunhw zdv wrr kljk
uhodwlyh wr ixqgdphqwdov1 Krzhyhu/ ohvw wklv pljkw dsshdu wr frqup rxu dujxphqw wrr qhdwo|/
lw vkrxog dovr eh qrwhg wkdwe| wkh uvw kdoi ri 4<<;/ ghvslwh d vxevwdqwldo ixuwkhu ulvh lq wkh
pdunhw/ wklv sursruwlrq kdg idoohq edfn wr 8719(1 Lw lv dovr kdug wr nqrz zkdw wr pdnh ri
wkh uhvxow wkdw uhvsrqghqwv lq hduo| 4<<; zhuh h{shfwlqj d jurzwk udwh ri wkh Grz Mrqhv ri
6155(1 Zlwk d glylghqg |lhog urxjko| pdwfklqj wkh lq dwlrq udwh/ wklv lpsolhg d wrwdo h{shfwhg
uhdo uhwxuq vrphzkdw ehorz wkdw rq lqgh{hg erqgv1 Li rqh exlogv lq d qrupdo ulvn suhplxp/
wklv dsshduv wr vxjjhvw d prghvwo| qhjdwlyh ulvn0dgmxvwhg h{fhvv uhwxuq/ zklfk zrxog ylrodwh
udwlrqdolw| xqohvv lqyhvwphqw surihvvlrqdov idfhg vrph dgglwlrqdo frqvwudlqw/ shukdsv vlplodu wr
wkh rqh zh rxwolqh1 Krzhyhu/ wkh h{whqw ri wklv dssduhqw ylrodwlrq lv vr vpdoo wkdw lw zrxog vhhp
olnho| wkdw wkh dyhudjh lqyhvwphqw surihvvlrqdo kdv gudzq frqfoxvlrqv derxw pdunhw survshfwv
zklfk/ zklovw qrw rswlplvwlf/ duh glvwlqfwo| ohvv ehdulvk wkdq wkrvh rxu prgho lpsolhv1
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uhwxuqv lv wkdw li/ dv d jurzlqj erg| ri uhvhdufk vxjjhvwv/ wkhuh lv hyhq d zhdn
whqghqf| iru vwdwlrqdu| ydoxdwlrq lqglfdwruv wr suhglfw ixwxuh vwrfn sulfhv/ orqj0
uxq uhwxuqv fdq ehfrph pdunhgo| pruh suhglfwdeoh1 Lq hhfw/ orqj0uxq vwrfn
sulfh iruhfdvwv duh orqj0uxq ixqgdphqwdo iruhfdvwv/ soxv dgghg qrlvh1 Exw dv orqj
dv wklv dgghg qrlvh lv vwdwlrqdu| +zklfk lv htxlydohqw wr wkh dvvxpswlrq wkdw vwrfn
sulfhv fdqqrw ghyldwh wrr idu iurp wkh ixqgdphqwdo,/ vxfk dq dssurdfk lpsolhv
wkdw orqj0uxq uhwxuqv duh pxfk ohvv xqfhuwdlq wkdq wkh udqgrp zdon prgho zrxog
lpso|1
Zh vwduwhg e| dvnlqj zkdw jhqhudo hpslulfdo fkdudfwhulvwlfv dq| xvhixo +e|
zklfk zh phdq orqj0uxq yduldqfh uhgxflqj, ydoxdwlrq fulwhulrq vkrxog kdyh1 Wkhuh
duh wkuhh vxfk nh| fkdudfwhulvwlfv= vwdwlrqdulw|/ Judqjhu0fdxvdolw| wr wkh vwrfn
sulfh/ dqg uhodwlyh suhglfwdelolw| ri wkh ixqgdphqwdo +zklfk lv mxvw wkh pluuru
lpdjh ri h{fhvv yrodwlolw|,1 Rxu fkrvhq ydoxdwlrq fulwhulrq/ Wrelq*v ^ dsshduv wr
srvvhvv doo wkuhh fkdudfwhulvwlfv/ dv zhoo dv kdylqj dwwudfwlyh wkhruhwlfdo surshuwlhv1
Zh hvwlpdwh d frlqwhjudwlqj YDU iru wkh uhdo vwrfn sulfh/ wkh qxpehu ri vkduhv
rxwvwdqglqj/ dqg uhdo frusrudwh qhw zruwk/ zlwk Wrelq*v ^ dv rqh ri wkh frlqwh0
judwlqj uhodwlrqv1 Frqghqfh lqwhuydov iru vwrfn sulfh iruhfdvwv jhqhudwhg e| wklv
v|vwhp duh qduurzhu wkdq wkrvh iurp wkh udqgrp zdon prgho dw doo krul}rqv/ exw
prvw pdunhgo| dw orqj krul}rqv1 Wklv lv wkh jrrg qhzv derxw orqj0uxq vwrfn sulfh
uhwxuqv/ lq qrupdo flufxpvwdqfhv1
Wkh edg qhzv lv d fruroodu| ri wkh jrrg qhzv= fxuuhqw flufxpvwdqfhv duh idu
iurp qrupdo1 ^ +dorqj zlwk rwkhu lqglfdwruv olnh wkh glylghqg |lhog dqg wkh sulfh0
hduqlqjv pxowlsoh, srlqwhg wr pdvvlyh ryhuydoxdwlrq dw hqg04<<:/ dqg khqfh wkh
survshfw ri vwrfn sulfhv ehlqj zhdn lq uhdo whupv/ zhoo lqwr wkh qh{w fhqwxu|1
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Dsshqglfhv
D1 Gdwd Vrxufhv dqg Frqvwuxfwlrq
D141 Fdslwdo Vwrfn dqg Wdqjleoh Dvvhwv
Wkh {hg fdslwdo vwrfn vhulhv +wkh qrquhvlghqwldo fdslwdo vwrfn ri wkh qrq0qdqfldo
frusrudwh vhfwru, frphv gluhfwo| iurp EHD jxuhv +Exuhdx ri Hfrqrplf Dqdo|vlv/
4<<:, Wklv vhulhv/ zklfk pdnhv xs wkh sulpdu| hohphqw ri frusrudwh qhw zruwk/ lv
dydlodeoh wkurxjkrxw wkh vdpsoh shulrg/ iurp 4<58 wr 4<<:1 Lw irupv wkh fruh ri
rxu hduolhu hvwlpdwhv ri qhw zruwk lq wkh shulrg ehiruh 4<781 Iurp 4<78 zh kdyh
hvwlpdwhv ri lqyhqwrulhv iurp wkh Ihghudo Uhvhuyh +4<<;,1 Ehiruh wkhq lqyhqwrulhv
pryh lq olqh zlwk {hg fdslwdo ryhu wkh shulrg 4<5804<771
Iurp 4<78 rqzdugv wkhuh lv dq dowhuqdwlyh vrxufh ri gdwd rq wdqjleoh dvvhwv
sxeolvkhg lq wkh Ihghudo Uhvhuyhv Edodqfh Vkhhwv +rs1 flw1,/ zklfk dw ohdvw lq
sulqflsoh surylgh d ixoohu fryhudjh/ vlqfh wkh| lqfoxgh hvwlpdwhv ri odqg ydoxhv1
Wkhvh jxuhv ihhg lqwr qhw zruwk fdofxodwlrqv dv sxeolvkhg e| wkh Ihghudo Uhvhuyh1
Krzhyhu/ txlwh dsduw iurp wkh fohdu euhdn zklfk zrxog dulvh li wklv vhulhv zhuh xvhg
diwhu 4<78/ exw qrw ehiruh/ wkhuh duh fohdu glvfrqwlqxlwlhv lq wkh Ihg*v wuhdwphqw
ri odqg lq wkh edodqfh vkhhwv/ hyhq diwhu 4<78168
Iurp 4<89 wr 4<;</ hvwlpdwhv ri frusrudwh odqg ydoxhv/ zklfk duh vprrwk
lqwhusrodwlrqv ri yh0|hduo| revhuydwlrqv ghulyhg iurp fhqvxv gdwd rq wd{deoh
surshuw| ydoxhv duh dgghg wr EHD fdslwdo vwrfn jxuhv wr duulyh dw wrwdo wdqjleoh
dvvhwv1 Ehiruh 4<89 odqg ydoxhv duh d sxuh h{wudsrodwlrq/ dv d {hg vkduh ri
wdqjleoh dvvhwv1
Eh|rqg 4<;</ wkh phwkrgrorj| fkdqjhv udglfdoo|1 Wkh vwrfn ri uhdo hvwdwh lv
dvvxphg wr hyroyh dffruglqj wr wkh iroorzlqj htxdwlrq=
7|JS&| ’ 7|JS&|3 E-.|*-.|3 n EHD Qhw Lqyhvwphqw lq Vwuxfwxuhv
zkhuh UHS lv dq lqgh{ ri frusrudwh uhdo hvwdwh sulfhv1 Khqfh wkh vwrfn ri odqg
lv lpsolflwo| dvvxphg frqvwdqw iurp 4<;< rqzdugv1
Khqfh xqwlo 4<;< odqg gdwd duh lqghshqghqwo| ghulyhg/ dqg vlpso| dgghg wr
EHD fdslwdo vwrfn jxuhv> wkhuhdiwhu wkh| duh d uhvlgxdo1 Vlqfh wkhuh lv qr ryhuods
ehwzhhq wkh uhdo hvwdwh sulfh lqgh{ dqg wkh suhylrxv vrxufh iru odqg ydoxhv/ lw lv
68Zh duh judwhixo wr Urfkhooh Dqwrqlprzlhf} dqg Hol}dehwk Irjohu ri wkh Ihghudo Uhvhuyh*v
Iorz ri Ixqgv vhfwlrq iru dgylvlqj xv rq wkhlu phwkrgrorj|1
5:
lpsrvvleoh wr fkhfn wkh lpsdfw ri wklv fkdqjh lq phwkrgrorj|/ exw wkhuh lv d fohdu
lpsdfw rq wkh uhodwlyh pdjqlwxghv ri wkh wzr vwrfnv 0 lqghhg lq vrph |hduv vlqfh
4<;< lpsolflw odqg ydoxhv kdyh wxuqhg qhjdwlyh1
Qru vkrxog wklv eh hqwluho| vxusulvlqj1 Wkh h{solflw phwkrgrorj| ri wkh EHD
dssurdfk lv wr ydoxh wkh fdslwdo vwrfn/ lqfoxglqj vwuxfwxuhv/ dw uhsodfhphqw frvw/
lh wr hydoxdwh wkh frvw ri exloglqj vwuxfwxuhv +vxlwdeo| ghsuhfldwhg, iurp qhz 1
Lq frqwudvw/ ydoxlqj vwuxfwxuhv xvlqj uhdo hvwdwh sulfhv lpsolflwo| dvnv zkdw wkhvh
vdph vwuxfwxuhv frxog eh vrog iru lq wkh rshq pdunhw 0 wklv hvwlpdwh ri ydoxh lv
olnho| wr eh/ dqg vlqfh 4<;</ kdv ehhq/ frqvlghudeo| pruh yrodwloh1
Dujxdeo|/ txlwh dsduw iurp sureohpv zlwk gdwd frqvlvwhqf| li odqg ydoxhv duh
xvhg/ wkh exlog0ru0ex| duelwudjh zklfk zdv wkh ruljlqdo udwlrqdoh iru Wrelq*v t lv
pruh frqvlvwhqw zlwk wkh EHD dssurdfk wkdq zlwk wkh Ihg*v dssurdfk vlqfh 4<;<1
E| h{foxglqj odqg ydoxhv hqwluho|/ zh zloo fohduo| lpsduw d +prghvw, xszdug eldv
wr wkh dyhudjh ydoxh ri t +rvhw/ lq sudfwlfh/ e| rwkhu grzqzdug eldvhv,> exw rxu
phwkrgrorj| lv rwkhuzlvh htxlydohqw wr dvvxplqj odqg wr eh d frqvwdqw iudfwlrq ri
wdqjleoh dvvhwv/ zklfk/ dv qrwhg/ lv lqghhg lq hhfw Ihg sudfwlfh lq gdwd ehwzhhq
4<78 dqg 4<89/ dqg zrxog/ shuirufh/ kdyh ehhq qhfhvvdu| ehiruh wkhq1
D151 Frusrudwh Ilqdqfldo Dvvhwv dqg Oldelolwlhv
Iurp 4<78 rqzdugv zh xvh Ihghudo Uhvhuyh jxuhv iurp wkh  rz ri ixqgv +Ihghudo
Uhvhuyh +4<<;,/ Wdeoh O435,1 Ehiruh 4<78 dq hvwlpdwh fdq eh ghulyhg lqgluhfwo|
iurp jurvvhg0xs frusrudwh lqwhuhvw sd|phqwv/ dydlodeoh iurp wkh qdwlrqdo dffrxqwv
vwdwlvwlfv +Exuhdx ri Hfrqrplf Dqdo|vlv/ 4<<5, iurp 4<5< rqzdugv dqg frusrudwh
erqg |lhogv +Leerwvrq Dvvrfldwhv +4<<7,,1 Iru wkh shulrg 4<58 wr 4<5;/ wkh vrxufh
ri gdwd iru qhw zruwk jxuhv lv hyhq pruh uhvwulfwhg/ vlqfh wkh gdwd iru qhw lqwhuhvw
sd|phqwv duh rqo| dydlodeoh iurp 4<5< rqzdugv1 Ryhu wklv shulrg/ wkhuhiruh/ zh
dvvxph/ iru odfn ri ehwwhu lqirupdwlrq/ wkdw qhw oldelolwlhv zhuh xqfkdqjhg dv d
sursruwlrq ri qhw zruwk1 Lq hhfw/ wkhuhiruh/ ryhu wklv shulrg/ fkdqjhv lq qhw zruwk
duh gulyhq vroho| e| fkdqjhv lq {hg fdslwdo1
D161 Pdunhw Ydoxh ri Htxlwlhv
Iurp 4<78 rqzdug/ wkh qxphudwru ri ^/ wkh pdunhw ydoxh ri frusrudwh htxlwlhv
frphv gluhfw iurp wkh vdph vrxufh dv qdqfldo dvvhwv dqg oldelolwlhv1 Wklv krzhyhu
qhhgv wr eh h{wudsrodwhg edfnzdugv ehiruh 4<781 Zh kdyh wzr dowhuqdwlyh vrxufhv
ri gdwd zklfk duh uhdvvxulqjo| vlplodu lq wkhlu lpsolfdwlrqv1 Xvlqj dq dssurdfk
vlplodu wr wkdw dssolhg wr wkh frqvwuxfwlrq ri qhw oldelolwlhv gdwd/ qdwlrqdo dffrxqwv
5;
gdwd rq glylghqg sd|phqwv fdq eh glylghg e| wkh uhsruwhg glylghqg |lhog +rq wkh
V)S Lqgxvwuldov lqgh{,1 Wklv dssurdfk lv hvvhqwldoo| wkdw dssolhg e| Eodqfkdug
e| @, +4<<6,1 Vlqfh wkh fryhudjh ri wkh edodqfh vkhhw jxuhv lv frqvlghudeo| zlghu
wkdq wkdw ri wkh V)S lqgh{/ wklv dssurdfk lv qrw shuihfw1 Dq dowhuqdwlyh gdwd
vrxufh zdv krzhyhu surylghg wr xv e| Dueru Wudglqj/ ri Fklfdjr/ wr zkrp zh
duh h{wuhpho| judwhixo1 Wklv vhulhv lv iru wkh pdunhw fdslwdolvdwlrq ri doo olvwhg
frusrudwlrqv lq wkh XV/ vlqfh wkh vwduw ri 4<591 Zkloh zh xvh wkh Ihghudo Uhvhuyh
jxuhv zkhuh dydlodeoh/ zh dvvxph wkdw wkh pdunhw ydoxh ri htxlwlhv pryhv lq olqh
zlwk wkh Dueru Wudglqj vhulhv ehiruh 4<781 Exw dv Fkduw 5 vkrzv/ wkh jurvvlqj xs
phwkrg/ dv lpsohphqwhg e| Eodqfkdug hw do/ |lhogv yhu| vlplodu uhvxowv1
E1 Prqwh Fduor Dqdo|vlv
Wkh surfhgxuh xqghuo|lqj wkh Prqwh Fduor vlpxodwlrqv lv ghvfulehg idluo| ixoo| lq
wkh pdlq wh{w= wklv dsshqgl{ wkhuhiruh rqo| oov lq uhpdlqlqj jdsv1
Rqh dssurdfk wr wkh sureohp/ yhu| vlplodu wr wkdw xvhg wr jhqhudwh fulwlfdo
ydoxhv iru Glfnh|0Ixoohu vwdwlvwlfv iru frlqwhjudwlqj uhodwlrqvklsv/ zrxog kdyh ehhq
wr vlpxodwh wkh wkuhh vhulhv/ vlpso| dvvxplqj wkhp wr eh lqghshqghqw xqlyduldwh
surfhvvhv/ zlwk frqwhpsrudqhrxv fruuhodwlrqv dqg vwdqgdug ghyldwlrqv pdwfklqj
wkh revhuyhg gdwd1 Wklv zrxog krzhyhu kdyh ordghg wkh glfh vrphzkdw djdlqvw wkh
suredelolw| ri revhuylqj dssduhqw frlqwhjudwlrq ru Judqjhu Fdxvdolw|1 Lw zrxog
dovr kdyh ehhq lqfrqvlvwhqw zlwk wkh wkhruhwlfdo xqghuslqqlqjv ri wkh h!flhqw
pdunhwv k|srwkhvlv/ zklfk zrxog qrw uxoh rxw/ iru h{dpsoh/ uhmhfwlqj d xqlw urrw
lq ^/ exw zrxog vlpso| uxoh rxw dq| Judqjhu Fdxvdolw| wr vwrfn sulfhv1
Iru wklv uhdvrq/ wkh v|vwhp zdv hvwlpdwhg lpsrvlqj wkh uhtxluhg }hur uhvwulf0
wlrqv rq frh!flhqwv lq wkh htxdwlrq iru vkduh sulfhv/ exw doorzlqj frh!flhqwv lq
wkh uhpdlqlqj wzr wr eh iuhho| hvwlpdwhg= wkhvh frh!flhqwv zhuh wkhq xvhg lq
wkh 43/333 vlpxodwlrqv ri duwlfldo gdwd1 Dowkrxjk wkhvh frh!flhqwv zhuh eduho|
vljqfdqw lq wkh fdvh ri frusrudwh qhw zruwk/ wkh| qrqhwkhohvv uhsuhvhqw wkh ehvw
hvwlpdwhv zh fdq duulyh dw/ xqghu wkh k|srwkhvlv wkdw wkh h!flhqw pdunhwv k|0
srwkhvlv lv fruuhfw1
Wkh suredelolwlhv vkrzq lq Wdeoh < zhuh zhuh edvhg rq wkuhh vhwv ri duwlfldo
uhjuhvvlrqv/ fduulhg rxw rq hdfk ri wkh 43/333 uhsolfdwlrqv1
Urz 4 lv edvhg rq xquhvwulfwhg uhjuhvvlrqv/ iru hdfk uhsolfdwlrq/ ri wkh vlpx0
odwhg vkduh sulfh rq lwv rzq odj/ dqg odjv ri wkh vwrfn ri htxlw| dqg uhdo qhw zruwk1
Wkh jxuh vkrzq lv wkh shufhqwdjh ri hvwlpdwhg htxdwlrqv lq zklfk wkh frh!flhqw
rq wkh odjjhg vkduh sulfh zdv ohvv wkdq ru htxdo wr 1:< +wkh ydoxh revhuyhg lq wkh
5<
klvwrulfdo gdwd,1 Jlyhq wkdw/ lq wkh vlpxodwlrqv/ wkh wuxh frh!flhqw lv xqlw|/ wkh
rqo| h{sodqdwlrq iru d jxuh dv orz dv wklv lv li wkhuh lv vrph dssduhqw uhodwlrqvkls
lq ohyhov ehwzhhq wkh vwrfn sulfh dqg wkh wzr uhpdlqlqj vhulhv1
Wr ghulyh wkh jxuh lq Urz 5/ lq hdfk vlpxodwlrq/ dq duwlfldo vhulhv iru ^ zdv
frqvwuxfwhg iurp wkh wkuhh xqghuo|lqj duwlfldo vhulhv1 D Glfnh|0Ixoohu uhjuhvvlrq
zdv wkhq fduulhg rxw iru hdfk uhsolfdwlrq1 Wkh jxuh vkrzq lv wkh shufhqwdjh
ri uhjuhvvlrqv lq zklfk wkh hvwlpdwhg dgmxvwphqw frh!flhqw +wkh dxwruhjuhvvlyh
frh!flhqw plqxv rqh, zdv ohvv wkdq +lh/ odujhu lq devroxwh whupv, wkdq 0314;/ wkh
ydoxh hvwlpdwhg xvlqj wkh klvwrulfdo gdwd1
Wr ghulyh wkh jxuh lq Urz 6/ wkh vdph vhulhv iru ^ iru hdfk uhsolfdwlrq zdv xvhg
lq dq htxdwlrq lq zklfk wkh fkdqjh lq wkh vkduh sulfh zdv uhjuhvvhg rq odjjhg ^1
Wkh jxuh vkrzq lv wkh shufhqwdjh ri uhjuhvvlrqv lq zklfk wkh hvwlpdwhg frh!flhqw
zdv ohvv wkdq 0315;/ wkh ydoxh revhuyhg zkhq wklv htxdwlrq lv hvwlpdwhg xvlqj wkh
klvwrulfdo gdwd1
F1 Fdofxodwlrq ri Iruhfdvw Yduldqfh lq d Frlqwhjudwhg YDU
Vxssrvh wkh prgho lv
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Iru wkh qrq0vwdwlrqdu| fdvh zlwk frlqwhjudwlrq/ uhzulwh wkh YDU dv
{%| ’ [n E U%|3 n 0|
’ [n%|3 n 0|
zlwk frlqwhjudwlrq zh fdq zulwh  ’ kq zlwk k dqg q erwk }  o zkhuh o lv wkh
qxpehu ri frlqwhjudwlqj yhfwruv1
Uhlphuv +4<<8, jlyhv d irupxod iru iruhfdvw lqwhuydov ri wkh ohyhov ri %An lq
vxfk d v|vwhp/ exw xqghu wkh uhvwulfwlrq wkdw [ ’ f1
Wr doorz iru qrq0}hur lqwhufhswv zh zulwh wkh v|vwhp dv
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Zh wuhdw wkh frlqwhjudwlqj yhfwruv q dv nqrzq1 Lq wkh fdvh ri wkh uvw/ zklfk
uhvwulfwv ^ wr eh rqh ri wkh frlqwhjudwlqj uhodwlrqv/ wklv lv ydolg> iru wkh vhfrqg/
hvwlpdwhg yhfwru/ wklv lv d vwurqj dvvxpswlrq1 Uhlphuv +4<<8, pdnhv wkh vdph
dvvxpswlrq/ dqg surylghv d mxvwlfdwlrq wkurxjk vxshu0frqvlvwhqf| ri hvwlpdwhg
frlqwhjudwlqj sdudphwhuv1
Jlyhq wkh dvvxpswlrq wkdw zh frqglwlrq rq wkh sdudphwhuv lq qc wkh rqo|
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G1 Wdeohv dqg Fkduwv
Wdeoh 41 Xqlw Urrw Whvwv iru Wrelq*v t
Ghqlwlrq Vdpsoh DGI+3, DGI+4, DLF VEF
Wrelq*v Edvlv +Ghqlwlrq 614,
Lqf1 Odqg 4<7:04<<: 031<: 04136 4 3
H{f1 Odqg 4<5:04<<: 0513<WWn 05173WWn 3 3
H{f1 Odqg 4<5:04<<4 05186WWn 051;4WWn 4 3
H{f1 Odqg/ H{wudsrodwhg edfn
Xvlqj Eodqfkdug hw do gdwd
4<3504<<: 06197WWnn 051::WWn 4 3
H{f1 Odqg/ H{wudsrodwhg edfn
Xvlqj Eodqfkdug hw do gdwd
4<3504<<4 061<3WWnn 06139WWnn 4 3
Ihghudo Uhvhuyh Edvlv +Ghqlwlrq 615,
Lqf1 Odqg 4<7:04<<: 031<4 04137 4 3
H{f1 Odqg 4<5:04<<: 05165WWn 051:8WWn 4 3
H{f1 Odqg 4<5:04<<4 051:7WWn 06147WWnn 4 3
Wdeoh 51 Xqlw Urrw Whvwv iru Xqghuo|lqj Gdwd lq Frlqwhjudwlqj
YDU/ 4<5:04<<:
Vhulhv DGI+3, DGI+4, DLF VEF
s 031;9 031<< 3 3
h 041<: 041;8 3 3
z 03186 03185 4 4
{R 0:1;7WWnn 0:135WWnn 4 4
{e 0<19;WWnn 091::WWnn 4 4
{ 0:1:4WWnn 0719;WWnn 4 3
Qrwhv wr Wdeohv 4 dqg 51
DGI+3,2 DGI+4,= DGI Whvw Vwdwlvwlfv zlwk }hur2rqh odj ri {t lq htxdwlrq>
DLF2VEF= Rswlpdo rughuv ri DGI whvw dv jlyhq e| Dndlnh Lqirupdwlrq2 Vfkzdu}
Ed|hvldq Fulwhuld
WW2W Uhmhfwv qxoo dw <8(2<3( ohyho/ dvvxplqj dv|pswrwlf qrupdolw| +xquh0
vwulfwhg guliw xqghu qxoo,
nn*nUhmhfwv qxoo dw <8(2<3( ohyho/ dvvxplqj Glfnh|0Ixoohu Glvwulexwlrq +}hur
guliw xqghu qxoo,
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Wdeoh 61 Prgho Vhohfwlrq Fulwhuld dqg wkh Rughu ri wkh YDU
Rughu Lpsolhg e| Prgho Vhohfwlrq Fulwhuld
Dndlnh Lqirupdwlrq Fulwhulrq 4
Vfkzdu} Ed|hvldq Fulwhulrq 4
Olnholkrrg Udwlr Whvwv ri Rughu Uhvwulfwlrqv +s0ydoxhv, OU DOU
Rughu 4 yv Rughu 5 31495 3154;
Rughu 3 yv Rughu 4 31333 31333
Qrwhv1
OU= Olnholkrrg Udwlr Whvw
DOU= Dgmxvwhg Olnholkrrg Udwlr Whvw
Wdeoh 71 Udqn Whvwv
Hljhqydoxhv 315657 314485 313358
Mrkdqvhq*v Uhgxfhg Udqn Whvwv
Qxoo Dowhuqdwlyh Whvw Vwdwlvwlf <8( Fulwlfdo Ydoxh <3( Fulwlfdo Ydoxh
o ’ f o ’  4<137 54145 4<135
o   o ’ 2 ;1;4 471;; 451<;
o  2 o ’  314; ;13: 9183
o ’ f o   5;137 64187 5;1:;
o   o  2 ;1<< 4:1;9 481:8
Udqn lpsolhg e| DLF VEF KTF
Prgho Vhohfwlrq Fulwhuld 5 3 5
Qrwhv1
Wkh uvw wkuhh whvw vwdwlvwlfv duh Olnholkrrg Udwlr Whvwv edvhg rq wkh pd{lpdo
hljhqydoxh ri wkh Vwrfkdvwlf Pdwul{> wkh odvw wzr duh edvhg rq wkh wudfh1 Fulwlfdo
ydoxhv duh iurp Shvdudq hw do +4<<9,
Wdeoh 81 Uhvwulfwlrqv rq Frlqwhjudwlqj Yhfwruv
Uhvwulfwlrq Olnholkrrg Udwlr Whvw +s0ydoxh,
t uhvwulfwlrq/ jlyhq o ’ 2 31793
t uhvwulfwlrq/ jlyhq o ’  31338
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Wdeoh 91 Frh!flhqw Hvwlpdwhv dqg Gldjqrvwlf Vwdwlvwlfv iru wkh Hu0
uru Fruuhfwlrq Uhsuhvhqwdwlrq zlwk u@5/ dqg t dv rqh ri wkh Frlqwh0
judwlqj Uhodwlrqv +s0ydoxhv lq sduhqwkhvhv,
Htxdwlrq iru= {R {e {
Lqwhufhsw 319;885 +313<;, 3168547 +31334, 03135;34< +31:55,
Frh!flhqw rq fuEt, 03153979 +31338, 3134<7: +31599, 31347667 +31634,
Frh!flhqw rq fu2 0318<457 +313:9, 03159:73 +31334, 3137<477 +3176:,
-
2
31436;6 31477<; 0133:55;
Htxdwlrq vwdqgdug huuru 3153<75 313839; 31373465
Vhuldo Fruuhodwlrq +I+4/9;,, 31677:< +3188<, 3154::6 +31975, 3166877 +31897,
Qrupdolw| +2E2 517736 +315<8, 418:<< +31787, 6415844 +31333,
Khwhurvfhgdvwlflw|+4/:3,, 4139:5 +31638, 31 35493 +31;;7, 314599 +31:59,
Frlqwhjudwlqj Uhodwlrqv R e 
fuEt, 4 4 04
fu2 3 4 0314<6<7
Wdeoh :1 Frh!flhqw Hvwlpdwhv dqg Gldjqrvwlf Vwdwlvwlfv iru wkh Huuru
Fruuhfwlrq Uhsuhvhqwdwlrq zlwk u@4/ dqg t dv wkh Vroh Frlqwhjudwlqj
Uhodwlrq +s0ydoxhv lq sduhqwkhvhv,
Htxdwlrq iru= {R {e {
Lqwhufhsw 0137<548 +31566, 3134<;69 +31394, 31366386 +31333,
Frh!flhqw rq fuEt, 0314;:66 +31344, 3135;455 +31464, 31345:77 +31684,
-
2
313:7<6< 3134;797 03133498
Htxdwlrq vwdqgdug huuru 31545:9 31387638 313733
Vhuldo Fruuhodwlrq +I+4/9<,, 418<35 +31545, 518774 +31448, 31766;9 +31845,
Qrupdolw| +2E2 6198<6 +31493, 5138<7 +3168:, 691:::9 +31333,
Khwhurvfhgdvwlflw|+4/:3,, 4134:3 +31637, 3177:;; +31839, 31449< +31:66,
Frlqwhjudwlqj Uhodwlrq R e 
fuEt, 4 4 04
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Wdeoh ;1 Judqjhu Fdxvdolw| Whvwv
Eorfn Ghohwlrq Whvwv lq wkh Xquhvwulfwhg Frlqwhjudwlqj YDU
K|srwkhvlv= wkh iroorzlqj yduldeoh +v, 1111gr+hv, qrw Judqjhu0Fdxvh= R0ydoxh
Vwrfn ri Htxlwlhv/ Uhdo Frusrudwh Qhw Zruwk Uhdo Vkduh Sulfh 3133<
Uhdo Frusrudwh Qhw Zruwk/ Uhdo Vkduh Sulfh Vwrfn ri Htxlwlhv 31346
Vwrfn ri Htxlwlhv/ Uhdo Vkduh Sulfh Uhdo Frusrudwh Qhw Zruwk 31787
Vwrfn ri Htxlwlhv Uhdo Vkduh Sulfh 31357
Uhdo Frusrudwh Qhw Zruwk Uhdo Vkduh Sulfh 31336
Wdeoh <1 Prqwh Fduor Uhvxowv
Lpsolhg Suredelolwlhv ri Dffhswlqj Vsxulrxv Prghov ri Vkduh Sulfhv
W|sh ri Prgho Lpsolhg Suredelolw|
Dq| olqhdu frpelqdwlrq ri s/ h/ dqg z Judqjhu0Fdxvhv s 4318(
Uhmhfwlrq ri xqlw urrw lq ^ 914(
Uhmhfwlrq ri xqlw urrw lq ^c dqg Judqjhu0Fdxvdolw| wr Vkduh Sulfh 614(
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Uhihuhqfhv
^4‘ Ehndhuw/ J ) Krgulfn/ U +4<<5, Fkdudfwhul}lqj Suhglfwdeoh Frpsrqhqwv
lq H{fhvv Uhwxuqv rq Htxlw| dqg Iruhljq H{fkdqjh Pdunhwv Mrxuqdo ri
Ilqdqfh 7:+5,/sdjhv 79:083<1
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Chart 1.  Tobin's "q"
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Chart 2. Tobin's "q" (Tobin's basis), since 1900
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Chart 3. Confidence Intervals for Forecasts From Alternative Models
If "q" Were at Average
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Chart 4. Confidence Intervals for Forecasts From Alternative Models
Given "q" Data for end-1997
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Chart 5. Estimated Probabilities of Falls in Real Share Prices
(over period ending at dates shown)
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